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ABSTRACT 
 
A manganese ore dump and oil tank farm have been situated in the Port Elizabeth harbour for 
more than forty years.  Although these facilities are independently operated and managed, 
they are viewed as one distinct disamenity, and there is strong local opposition to their 
continued location in the harbour.  The negative environmental impacts (for example, water 
and air pollution) caused by the ore dump and tank farm have been well documented.  This 
pollution takes the form of oil leaks from the oil tank farm, and ore dust pollution from the 
manganese ore dump.  The air pollution caused by the manganese ore dump is a result of the 
dump currently being an open air handling and storage facility.  The ore dust is dispersed into 
the air due to strong prevailing winds in the Bay and has resulted in respiratory illnesses of 
residents living in close proximity to the facility.  Oil pollution, due to leakages experienced 
at the oil tank farm, has extended far beyond the periphery of the harbour. Inter alia, there 
has been a decline in local fish populations, as well as a decline in passive and active use 
satisfaction associated with the adjacent beach area, i.e. Kings Beach.  These oil leakages, 
first reported in 2001, could have a detrimental effect on the Blue Flag status of this beach, as 
well as the Blue Flag status of other beaches situated further up the coast.   
 
The lease agreements for the oil tank farm and manganese ore dump are set to expire in 2014 
and 2016, respectively.  As yet, there is no consensus on when these disamenities will be 
(re)moved. In order to mitigate the secondary impacts of these facilities, both of them should 
be removed.  Although these impacts should be the focus of public policy debates and cost-
benefit assessments, no direct valuation method exists to value the economic cost to affected 
communities.  Instead, non-market valuation methods, such as the contingent valuation 
method (CVM), are often applied to assign values to these economic costs. 
 
This study seeks to determine Nelson Mandela Bay households‟ preferences for the 
immediate removal of the manganese ore dump and oil tank farm from the Port Elizabeth 
harbour.  This case was selected since it represents a current public policy debate issue that 
has not been resolved.  Monetary estimates of people‟s preferences for the removal of 
pollution-creating activities can assist policy-makers and other stakeholders when locating 
industries in an urban setting.  These estimates can also be of use in understanding the 
benefits associated with air and water quality improvement projects.  
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The primary valuation technique used in this study is the CVM. This method was chosen as it 
is capable of measuring the economic significance of lost passive-use values of individuals 
affected by negative externalities.  Both a non-parametric and a parametric estimate of mean 
willingness-to-pay (WTP) were derived.  On average, a respondent was willing to pay a once-
off amount of between R47.09 (non-parametric estimate) and R93.21 (parametric estimate).  
Non-parametric estimation (via the Turnbull estimator) was conducted to test the sensitivity 
of the parametric results (via a logit model).  The logit model‟s results showed that the 
probability of a „yes‟ answer to the referendum question varies with a number of covariates in 
a realistic and expected way, which offers some support for the construct validity of this CV 
study.  Household income, education, age, and disamenity awareness were significant 
determinants of individuals‟ responses to the WTP question.  A summary of the findings of 
WTP estimates for both parametric and non-parametric analysis is provided in Table 1. 
 
Table 1: Aggregate WTP estimates: parametric vs. non-parametric 
Model Household WTP 
(Rand) 
Total WTP 
(Rand) 
Non-parametric 47.09 13 609 010  
Parametric 93.21 26 937 690 
 
Three primary recommendations stem from this study.  Firstly, the study used a relatively 
small sample size.  Although it was sufficient for a pilot study it is recommended that future 
research into this issue should aim for a much larger sample size to ensure more precise 
estimates of the WTP for the removal of the disamenity.  Secondly, the conservative non-
parametric mean WTP estimate should be used as opposed to the higher parametric mean 
WTP estimate.  Third, the aggregate WTP estimation constitutes only a partial analysis of 
cost.  A number of other factors and value streams need to be analysed and compared with 
the cost estimates generated by this study if adequate holistic decision-making is to take place 
with regard to the removal of the manganese ore dump and oil tank farm.  More specifically, 
the total WTP estimated in this study should be viewed as only one input into a 
comprehensive social cost-benefit analysis to determine the desirability of the removal of this 
disamenity for wider society.  
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CHAPTER ONE: INTRODUCTION 
 
1.1 BACKGROUND AND RELEVANCE OF THE STUDY 
 
A manganese ore dump and oil tank farm have been permanent fixtures in the Port Elizabeth 
harbour for well over forty years.  Increased levels of environmental awareness and 
monitoring over the past decade have culminated in heightened local opposition to the ore 
dump and tank farm‟s continued location in the harbour.  The negative environmental 
impacts caused by the ore dump and tank farm
1
 have been well documented in the local as 
well as national media (for example, Carte Blanche, an actuality television programme aired 
on DSTV).  Examples of these negative impacts include air and water pollution.  More 
specifically, due to the open air structure
2
 of the ore dump, ore dust is widely dispersed by the 
strong prevailing winds in Nelson Mandela Bay – the ore dust is mainly classified as a 
nuisance pollutant (Erasmus, Strydom, Tipshraeny and Watling, 2003).  This has led to an 
increased incidence of respiratory illnesses in people living in close proximity to the harbour, 
the soiling of personal property, house exteriors and sometimes the interiors of houses and 
businesses, a decline in the successful hatching of bird eggs (fowl eggs in particular) found 
near the harbour, and a decline in passive and active use satisfaction associated with the 
adjacent beach area (Kings Beach) (Erasmus et al., 2003; Cull, 2010; MyPE, 2010).  Long-
term exposure to manganese ore dust could lead to severe respiratory ailments, impotence, 
muscle pain, nervousness and chronic headaches (Bureau of Environmental Health, 2010).  
Oil pollution, due to leakages
3
 experienced at the oil tank farm, has extended far beyond the 
periphery of the harbour.  The pollution has caused the following: whales veering off their 
natural path of travel past the harbour, the deaths of numerous penguins that were exposed to 
oil residue in the sea water, a decline in local fish populations, the destruction of turtle 
nesting grounds, and the cancellation of the national young-lifesavers (Nippers) competition 
(SABC, 2008; MyPE, 2010).  Another major concern is the potential effect that an oil leak 
could have on the Blue Flag status of Kings Beach, which is located adjacent to the ore dump 
and oil tank farm, as well as the Blue Flag status of other beaches situated further up the coast 
(Hayward, 2009; Nelson Mandela Bay Municipality, 2010b).  
 
                                                     
1
 Although the ore dump and oil tank farm are independently managed and operated, they are viewed as one 
distinct disamenity. 
2
 The ore dump can be classified as an open air handling and storage facility. 
3
 The most recent leakages were recorded in 2001 and 2008. 
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Although the lease agreements for the oil tank farm and manganese ore dump are set to 
expire within a matter of years (2014 and 2016, respectively), there is, as yet, no consensus 
on when these disamenities will be (re)moved.  Many of the secondary impacts associated 
with the operation of the ore dump and oil tank farm involve non-market costs
4
.  The only 
viable way in which these impacts can be completely mitigated is through the removal of the 
oil tank farm and ore dump from the harbour.  Although the impacts associated with the 
operation of the ore dump and tank farm facilities should be included in public policy debates 
and cost-benefit assessments, no direct valuation method exists to value the economic cost to 
affected communities.  Instead, non-market valuation methods, such as contingent valuation, 
are often applied to assign values to these economic costs.   
 
This study seeks to determine Nelson Mandela Bay households‟ preferences for the 
immediate removal of the manganese ore dump and oil tank farm from the Port Elizabeth 
harbour.  This case was selected since it represents a current public policy debate issue that 
has not been resolved.  Monetary estimates of people‟s preferences for the removal of 
pollution-creating activities can assist policy-makers and other stakeholders when locating 
industries in an urban setting.  These estimates can also be of use in understanding the 
benefits associated with air and water quality improvement projects. 
 
1.2 OBJECTIVES OF THE STUDY 
 
The objectives of this study are to: 
 
 Provide a description of the manganese ore dump and oil tank farm (Chapter One); 
 Provide a broad overview of the contingent valuation method (CVM) (Chapter Two); 
 Provide a discussion of questionnaire design and sample design (Chapter Three); 
 Present a contingent valuation (CV) study which draws on selected aspects of the 
methodology described in Chapter Two (Chapter Four); and 
 Provide conclusions and recommendations based on the results of the CV presented in 
Chapter Four (Chapter Five). 
 
                                                     
4
 Avoidance costs, for example the costs of cleaning, give only limited information on the value of the impact of 
ore dust soiling. Since not all the impacts of the soiling can be mitigated via cleaning, avoidance costs provide a 
lower bound on values. 
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1.3 THE PORT ELIZABETH HARBOUR’S MANGANESE ORE DUMP AND OIL 
TANK FARM 
 
The Port Elizabeth harbour is located within Algoa Bay on the south-eastern coast of South 
Africa, midway between Cape Town and Durban.  The Port Elizabeth harbour formally 
obtained its port status with the appointment of the first harbour master and collector of 
customs five years after Port Elizabeth became an official South African town in 1820.  In 
1877, some forty years after its inception, the harbour had grown so rapidly that it had 
become the principal port of South Africa with an annual average export value of 
approximately R6 million (Ports and Ships, 2010; Nelson Mandela Bay Municipality, 2011).  
The harbour continued to grow steadily, but the poor capacity for handling ships and limited 
open sea protection led to the building of the Charl Malan quay which was completed in 1935 
(Ports and Ships, 2010; Nelson Mandela Bay Municipality, 2011).  Over the years, additional 
quays were added to the harbour in an attempt at modernization (see Figure 1.1 below).  
 
 
Figure 1.1: The Port Elizabeth harbour area  
Source: Adapted from Shackleton, Schoeman and Newman (2002) 
 
The harbour has good railway links and boasts the following facilities: a container terminal 
with three berths and a break terminal with two bulk berths, six normal berths and a tanker 
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berth (Ports and Ships, 2010).  Jetties for tug, fishing and trawling purposes and a naval 
station for the South African Navy are also provided. 
 
Prominent commercial activities in the harbour include the transportation, handling and 
storage of agricultural produce, such as fruit, fish and wool crops.  The harbour was recently 
appointed the alternative port of call for container ships that are unable to dock at the 
container terminals in Cape Town and Durban.  The harbour also boasts a large open-air 
motor vehicle terminal to facilitate the transportation and storage of vehicles (Ports and 
Ships, 2010).  
 
Two additional products which are stored and distributed from the harbour are manganese ore 
and imported petroleum.  The manganese terminal and oil tank farm situated adjacent to the 
Don Pedro Quay (see Figure 1.1 above) have been in operation for more than sixty years and 
fifty years, respectively.  The petroleum is stored and distributed from a tank farm facility.  
 
Manganese ore is mined in the Northern Cape area of Hotazel from where it is transported 
more than 700km by rail to a bulk minerals handling terminal in the Port Elizabeth harbour 
(Bonga, 2003).  On arrival, the ore is transported via trucks to the manganese terminal 
mashing yard.  The manganese is then graded and split, after which each graded batch, is 
offloaded onto a truck tipper.  The tipper either distributes the ore to various storage bins or 
via conveyor belts onto the ships for export (Assmang, 2010).  If the manganese is destined 
for storage, it will be transported via one or both of the two-line interconnecting conveyor 
belt systems in the Port Elizabeth manganese terminal to one of the four relevant storage bins 
(with a combined storage capacity of approximately 4 600 000 tons) from where it is then 
stacked via a stacker-reclaimer (Assmang, 2010).  The complete process of handling and 
transporting of the manganese ore is summarised in Figure 1.2 below. 
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Figure 1.2: Manganese ore transportation, handling and storage  
Source: Adapted from Assmang (2010) and EPA (1984) 
 
All modes of handling, indicated by arrows in Figure 1.2, are possible sources of ore 
dispersion; i.e. transporting and open air stockpiling (EPA, 1984).  The dispersion is further 
diffused by the strong prevailing winds within the harbour.  This results in the erosion of the 
ore stockpiles (EPA, 1984; Rogers, 2010).   
 
The areas surrounding the harbour are widely used for residential living and recreational 
purposes, i.e. fishing, swimming, scout training, super tubing, and weekly markets.  The 
harbour is also regularly used for sailing and lifesaving competitions.  The beach (Kings 
Beach) adjacent to the harbour has obtained Blue Flag status, and thus has great tourist appeal 
(Nelson Mandela Bay Municipality, 2009).  
 
The manganese ore dump and oil tank farm is currently owned by Transnet, a parastatal of 
the South African Government, which leases the area of land from the Nelson Mandela Bay 
Municipality and then sublets certain areas of the land.  The sublessees include, amongst 
others, the principal lease of the manganese ore facility to BHP Billiton and the leasing of the 
tank farm facilities to Shell (who is responsible for the management of the tank farm on 
behalf of the other lessees), Total, Engen and Chevron (Hayward, 2009).  The lease of both 
the oil tank farm and that of the manganese ore dump are to expire in 2014 and 2016, 
respectively (Nelson Mandela Municipality, 2010a).  The expiration of the lease is 
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surrounded by controversy as Nelson Mandela Bay residents and marine related industries are 
requesting corrective and preventative measures to be put in place so as to either compensate 
residents for any personal and environmental damages caused by the dumps and tank farm, or 
reverse the current state of affairs by (re-)moving both sources of detriment.  Under the 
current lease agreement, Transnet is to restore the area of land to its original state on 
conclusion of the lease (Nelson Mandela Bay Municipality, 2010b).  With three years 
remaining on the current tank farm lease contract and five years remaining on the manganese 
ore dump lease, and no evidence of future renewals (Nelson Mandela Bay Municipality, 
2010a), Transnet is slow in its endeavour to implement corrective as well as dismantling 
measures.  Local residents, in a public outcry, are requesting for the removal and restoration 
of the facilities (Nelson Mandela Bay Municipality, 2010b).   
 
It has been suggested that the current terminal be relocated to the Ngqura (Coega) harbour or 
Saldanha (Western Cape) (Nelson Mandela Bay Municipality, 2010b).  An alternative to 
relocation has also been suggested: upgrading the current terminal.  Upgrading the facility, 
however, will not necessarily eliminate the ore dust problem.  Although Transnet has 
attempted to minimise the ore dust dispersion by monitoring air eminence, applying wind 
barriers around the storage bins and spraying the ore with water, all efforts have been less 
successful than initially anticipated as the strong prevailing winds in the region promote the 
dispersion of the dust (Rogers, 2010).  A study conducted to measure the levels of ore dust in 
the vicinity of the Don Pedro Quay and the Kings Beach parking lot (situated adjacent to the 
manganese facility) found unacceptably high levels of manganese ore dust exposure 
(McFadden, 2010).  Current air dust monitoring is carried out by Safetech (a specialist air 
quality monitoring company) (Nelson Mandela Bay Municipality, 2010b).  A concern with 
regard to air monitoring is that only PM10 limits are monitored (Nelson Mandela Bay 
Municipality, 2010b).  PM10 refers to the size of 0.01mm manganese dust particles.  The 
dust particles are fine and seemingly invisible; they are thus easily inhaled and absorbed into 
the bloodstream making them highly dangerous (O‟Hara, 2009).  The general health risks and 
implications of larger ore dust particles are not being taken into consideration by Transnet 
(Nelson Mandela Bay Municipality, 2010b).  Exposure to larger ore dust particles is 
detrimental to one‟s health as the particles are large enough to be drawn into the nose, mouth 
and throat where they are trapped, resulting in respiratory ailments (O‟Hara, 2009; Erasmus 
et al., 2003).     
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Transnet has committed itself to monitoring water quality in the Port Elizabeth harbour 
(Nelson Mandela Bay Municipality, 2010b).  In addition, Shell (the lessee managing the 
facility) has embarked on the construction of a containment wall (Hayward, 2009), which 
will prevent spreading of the oil seepage out to sea.  Despite these efforts, two major 
concerns with the facility still remain: its age and its hazard buffer zone.  According to the 
Nelson Mandela Bay Development Agency (2010), the current oil tank farm is in poor 
condition, was inefficiently designed and is out of date and in need of urgent replacement.  
For these reasons it poses a major risk to those who work, recreate and live in close proximity 
to it.  The best means to reduce the societal risk associated with such a large scale petroleum 
storage facility is to allow a 250m buffer zone around the storage site, which serves to control 
any possible damage resulting from it.  In order for the buffer zone to be effective it requires 
the absence of residences, recreational buildings and activities within the zone (HSE, 2007).  
This is, however, not the case in the Port Elizabeth harbour as numerous residential buildings, 
recreational activities and public land areas are all situated within close proximity to this 
storage facility.  The tank farm is thus classified by the Control of Major Accident Hazards 
Regulation of 1999 to be a major Accident Hazard and should urgently be considered for 
relocation (Nelson Mandela Bay Municipality, 2010b).  According to the Nelson Mandela 
Bay Municipality (2010b), a proposal has been made to relocate the oil tank farm to the Port 
of Ngqura – as yet no confirmation has been provided as to whether this project will 
continue.  
 
1.4 PRINCIPAL SOURCES OF INFORMATION 
 
Both primary and secondary sources were used.  Primary data were gathered by means of an 
empirical study.  Face-to-face interviews were conducted by means of a pre-coded 
questionnaire.  This questionnaire elicited respondents‟ willingness-to-pay (WTP) for the 
immediate removal of the manganese ore dump and oil tank farm from the Port Elizabeth 
harbour.  It also included questions of a socio-economic nature, for example, highest level of 
education and income.  Sources of secondary data included journal articles, textbooks, 
newspaper articles, the Internet and other published works. 
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1.5 ORGANISATION OF THE DISSERTATION 
 
Chapter One provides a brief introduction to the Port Elizabeth harbour and the problems 
associated with the presence of the manganese ore dump and oil tank farm on the surrounding 
land.  Chapter Two provides a short theoretical overview of non-market valuation techniques, 
with special reference to the CVM.  Chapter Three outlines and discusses sample and 
questionnaire design.  Chapter Four presents the results from the CV study.  Chapter Five 
provides conclusions and recommendations based on the results obtained in the preceding 
chapters.  
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CHAPTER TWO: A SHORT THEORETICAL OVERVIEW OF NON-MARKET 
VALUATION TECHNIQUES 
 
2.1 INTRODUCTION 
 
In keeping with the primary goal of this study, a theoretical overview of the CVM is 
presented in this chapter.  More specifically, a rationale for applying the CVM is provided, 
the CVM is outlined and its strengths and weaknesses highlighted.  Measures to test for the 
reliability and validity of CVM applications are then discussed.  Finally, a number of 
conclusions are drawn.  
 
2.2 A RATIONALE FOR APPLYING THE CVM 
 
Several non-market methods (see Appendix A) have been developed in the field of 
Environmental and Natural Resource Economics to value the removal of damage-causing 
disamenities (Mendelsohn and Olmstead, 2009).  An example of a damage-causing 
disamenity – and the focus of this study – is the manganese ore dump and oil tank farm 
located in the Port Elizabeth harbour.  As mentioned in Chapter One, these two facilities have 
caused water and air pollution in the areas adjacent to the harbour.  There are two broad 
categories of non-market valuation techniques that can be employed to value the removal of a 
damage-causing disamenity, namely stated preference (SP) and revealed preference (RP) 
techniques (Hanley and Spash, 1993).  
 
RP models deduce people‟s preferences for environmental goods and estimate demand curves 
by observing their actual behaviour (Hanley and Spash, 1993).  The analyst investigates this 
behaviour by determining how a public good affects a marketed good which is connected to 
the public good.  An advantage of this approach is that the price is physically paid, and is not 
hypothetical (Adamowicz, Louviere and Williams, 1994; Adamowicz, 1995).   
 
Two RP techniques that are often used are the hedonic pricing method (HPM) and the travel 
cost method (TCM).  The TCM (see Appendix B) entails the valuation of a recreation site by 
determining the travel costs that individuals incur when visiting the site in question.  There 
are three versions of the TCM, namely the single-site zonal (Clawson and Knetsch, 1966) 
TCM, the single-site individual TCM, and the random utility model (RUM) of site choice.  
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The HPM relies on the principle that a person‟s utility is based on the characteristics of the 
good consumed (Lancaster, 1966).  The HPM (see Appendix C) utilises the systematic 
difference in the prices of a good, which can be attributed to the characteristics of the good, 
to determine the WTP for the characteristics.  This technique is most often applied to the 
housing market because house prices reflect housing characteristics as well as the 
characteristics of the house surroundings, which incorporate the environmental quality of the 
area (Haab and McConnell, 2002).   
 
The RP approach can only be applied in a limited number of situations (Bennett and Blamey, 
2001).  In general, the existence of four situations, namely, the absence of a quantifiable 
relationship between a marketed good and the non-market value of interest, a situation where 
the resource has not been experienced (used), a situation where the quantity or quality of an 
environmental asset or flow is expected to change due to some proposed reallocation of 
resources (Bennett and Blamey, 2001), and a situation where non-use values, which include 
existence and option values (values of potential future use and non-use), are a prominent 
component of the total value of the environmental service flow would make the use of the RP 
approach difficult.  Since all four above-mentioned situations, are present when attempting to 
value people‟s preferences for the removal of this disamenity, the use of a SP technique is 
required. 
 
SP methods entail asking people what economic value they attach to certain goods and 
services (Stevens, Belkner, Dennis, Kittredge and Willis, 2000).  The two main types of SP 
methods are the CVM and the Choice Modelling (CM) or ranking method.  Both SP 
techniques employ a survey based methodology.  The analyst typically creates a hypothetical 
market for the non-marketed good and this scenario is then presented to the respondent for 
valuation through the administration of questionnaires.  The CVM entails obtaining 
information about preferences for improvements in public goods by means of asking direct 
questions (Kahneman and Knetsch, 1992; Portney, 1994; Alberini and Kahn, 2006).  The 
main objective of the CVM is to determine individual WTP for changes in the quality or 
quantity of public goods, coupled with the effect of explanatory variables on WTP (Hoehn 
and Randall, 1987; Hanemann, Loomis and Kanninen, 1991; Hanemann, 1994; Haab and 
McConnell, 2002).  Unlike the CVM, which entails the asking of a single question, the CM 
method (see Appendix D) presents individuals with a set of alternatives and asks that 
individual to rank (choose) the preferred one.  Each alternative is defined by attributes with 
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differing levels.  The CVM has been used extensively in the literature for the non-market 
valuation of goods and services, while the CM method is a more recent development in the 
area of non-market valuation and has been used in many studies during the past few years 
(see Nunes and van den Bergh, 2001; Macmillan, Duff and Elston, 2001; Garrod and Willis, 
1999; Bateman, Carson, Day, Hanemann, Hanley, Hett, Jones-Lee, Loomes, Mourato, 
Özdemiroglu, Pearce, Sugden and Swanson, 2002). 
 
Since the primary aim of the dissertation is to value people‟s preferences for the removal of a 
single disamenity (and thus only a single WTP question is required), the CVM is the most 
appropriate valuation technique to use. 
 
2.2.1 THE CVM  
 
The CVM is based on the understanding of Ciriacy-Wantrup (1947), that the prevention of 
certain pollution can generate additional market benefits which are assumed to be public in 
nature.  These benefits can be estimated by eliciting individuals WTP for the prevention of 
pollution via questionnaires.  The method was first implemented by Davis (1963) to estimate 
the benefit of goose hunting. The CVM was sparingly applied during the 80s until the Exxon 
Valdez oil spill in Alaska in 1989 brought its use to prominence.  This was the largest 
recorded tanker spill in United States history and as such was classified as one of the biggest 
environmental disasters.  The CVM
5
 was employed to estimate the loss in passive-use values 
as a result of the oil spill.  These values were used by the state of Alaska and the Federal 
Government to litigate a natural resource damage claim for the loss of passive-use values 
resulting from the oil spill (Carson, Mitchell, Hanemann, Kopp, Presser and Ruud , 2003).  It 
has since obtained credibility (as established by The Blue Ribbon Panel Report to the 
National Oceanographic and Atmospheric Administration (NOAA) Panel on CV 
methodology) as one of the most useful non-market valuation techniques employed to 
measure the economic significance of lost passive-use values by individuals affected by 
negative externalities (Arrow, Solow, Portney, Learner, Radner and Schuman, 1993).  The 
following steps are followed when carrying out a CV study (Hanley and Spash 1993): 
                                                     
5
 The study took into consideration individuals WTP for the prevention of another such spill as the Exxon 
Valdez oil spill. The study made use of the CV methodology. The data for the study were collected in 1991 post 
Exxon Valdez oil spill.  The data were collected by face-to-face interviews utilising a questionnaire, the 
questionnaire made use of binary discrete choices to elicit respondents WTP. The study used a national sample 
of 1050 inhabitants (Carson, Mitchell, Hanemann, Kopp, Presser and Ruud., 2003). 
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Firstly, a hypothetical market for the goods being valued must be created and a preliminary 
questionnaire must be designed.  This market must be both credible and realistic.  It should be 
presented to the respondent in both an effective and simple manner, and caution should be 
taken that the researcher‟s own preferences are not projected onto the respondents (Hanley 
and Spash, 1993).  The payment vehicle must then be identified and explained fully to 
respondents (i.e. who will make the payment and who will receive the payment).  The 
payment vehicle represents the method that respondents will use to pay for the hypothetical 
good.  Payment vehicles can either be voluntary (trust fund donations) or coercive (entrance 
fees, price increases, increases in income taxes) (Pearce and Özdemiroglu, 2002).  No exact 
rule exists for which payment vehicle to include in a study, therefore all possible problems 
that may arise from a payment vehicle must be considered.  With voluntary payments free-
riding tends to be a major concern, whereas with coercive payments respondents are most 
often hostile (Pearce and Özdemiroglu, 2002).  When representing the payment vehicle 
respondents should also be reminded of their budget constraints.  A pilot study should be 
conducted to ensure that the preliminary survey comes across as desired.  If this is not the 
case, it should be improved and refined (Hanley and Spash 1993).  
 
Once the preliminary questionnaire has been refined the main survey can take place (step 
two).  This can be done by face-to-face interviews, mailed questionnaires, telephonic 
interviews or electronic interviews (online surveys).  According to Hanley and Spash (1993), 
the most appropriate of these methods is the face-to-face interview.  This method allows for 
the use of visual aids and more flexible questions, it allows for more control over the sample 
and it tends to yield a greater response rate than the other methods (Pearce and Özdemiroglu, 
2002; Hanley and Spash, 1993).  Table 2.1 below provides a brief overview of the advantages 
and disadvantages of each survey technique. 
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Table 2.1: Survey techniques – advantages and disadvantages 
Survey techniques 
Advantages Disadvantages 
Face-to-face interviews 
- Extremely flexible method 
- More complicated questions and 
questionnaire design can be used
 
- Better clarification can be provided to 
respondents
 
- Allows illiterate individuals to 
participate 
 
- Allows the use of graphic 
supplements
 
- It can help sustain respondents 
motivation
 
- Possible interview bias 
- Possible self-selection bias 
- Questionnaire length has to be kept 
short to help sustain respondents‟ 
attention 
Telephone interview 
- Allows illiterate individuals to 
participate 
- Clarification on any ambiguity can 
immediately be given to respondents 
when needed  
- More complex questions can be 
included 
- Costs are lower than other interview 
techniques 
- The method is relatively easy and 
quick to administer 
- Conveying information to certain 
respondents might be difficult  
- Difficult to maintain the attention and 
co-operation of respondents 
- The use of visual aids is impossible 
- Sensitive questions are generally 
avoided by respondents 
Mail survey and on-line surveys 
- Can be relatively easy and cheap to 
administer 
- Survey can be completed at 
respondent‟s convenience 
- Highly sensitive questions are easier 
- Tend to have low response rates and 
can suffer from potential non-
response bias 
- The method tends to be time 
consuming 
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to answer 
- On-line surveys tend to have better 
response rates 
- The use of visual aids is restricted 
- Respondents can go back and change 
earlier responses 
Sources: Pearce and Özdemiroglu, 2002; Hanley and Spash, 1993; Leung, 2001b; Arrow et 
al., 1993 
 
The primary objective of the questionnaire is to elicit respondents‟ WTP for the good in 
question.  According to Mitchell and Carson (1989), there are four elicitation methods that 
can be used when conducting a CV study, namely; a bidding game, a payment card, a 
dichotomous choice format and a dichotomous choice format with follow-up (double-bound 
dichotomous choice).  A bidding game entails the interviewer continuously changing the 
stated bid amount until the highest WTP amount for a respondent is obtained (Wattage, 
2002).  The payment card methodology is simple.  It provides respondents with a range of 
values from which they are asked to select an option which represents their individual 
maximum WTP amount (Mitchell and Carson, 1989).  The dichotomous choice format (also 
referred to as discrete choice, take-it-or-leave it or referendum format) requires that 
respondents vote „yes‟ or „no‟ to a given bid amount (Wattage, 2002).  This format was first 
used by Bishop and Heberlein (1979) to estimate the value of goose hunting.  Dichotomous 
choice questions are easier to answer compared with open-ended questions since individuals 
are familiar with discrete choices when engaged in market transactions (Hanemann, 1984).  
Finally, the dichotomous choice format with follow-up requires that respondents answer „yes‟ 
or „no‟ to a certain bid amount.  If respondents answer „yes‟ to a specific bid amount, then a 
higher bid amount is selected and another question is asked using the higher specified bid.  If 
respondents answer „no‟, then a lower bid amount is used for the follow-up question (Carson 
and Mitchell, 1989). 
 
The preferred method for obtaining the WTP amount is the dichotomous / referendum style 
question (Hanley and Spash, 1993; Wattage, 2002).  Table 2.2 below provides a brief 
summary of the various elicitation formats.  
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Table 2.2 Elicitation formats – Advantages and Disadvantages 
Elicitation 
format 
Advantage Disadvantage 
Payment 
card 
- Provides a framework for the 
bids 
- Avoids starting bid bias 
- Outliers6 are reduced 
- Telephone interviews are 
unable to use the format 
- Can be susceptible to biases 
relating to the number range 
used in the card 
Bidding 
game 
- Assists respondents in thinking 
through the study scenario 
- Encourages respondents to 
carefully consider their 
preferences 
- Can be susceptible to 
starting point bias 
- Large number of outliers can 
be encountered 
- Mail surveys cannot use the 
format 
Dichotomous 
choice 
- Most supported7elicitation 
format 
- Simple format 
- Non-responses are minimised 
- Outliers are reduced 
 
- Generally yields a larger 
WTP value than other 
formats 
- Requires large sample sizes 
- More information is required 
by respondents 
- Can be susceptible to 
starting point bias 
Dichotomous 
choice with 
follow up 
question 
- Same advantage of the normal 
dichotomous format applies 
- More efficient than normal 
dichotomous format 
- More information is elicited 
from respondents regarding 
their WTP 
- Same disadvantages of the 
normal dichotomous format 
apply 
- Additional questions can 
cause a reduction in 
respondent‟s incentive to tell 
the truth 
Source: Pearce and Özdemiroglu (2002) 
 
                                                     
6
 Outliers refer to the unrealistically large bids made by respondents to try and please the interviewer, also 
known as „yea‟ saying (Pearce and Özdeniroglu, 2002). 
7
 As per Hanley and Spash (1993) and Arrow et al. (1993) 
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Once all surveys are completed, an average WTP is estimated (step three).  At this stage, the 
researcher must identify all protest bids (Hanley and Spash, 1993).  Protest bids refer to all 
zero bids given by respondents for reasons other than actual zero values placed on the good in 
question (Hanley and Spash, 1993).  Respondents may behave in this way for three reasons: 
they feel it is unethical to place a price on certain public goods, they believe public goods 
should be free of charge, and / or they disagree with the choice of payment vehicle (Halstead, 
Luloff and Stevens, 1992).  The biggest concern with protest bids originates from the use of 
dichotomous-choice CVs, as the interpretation of „no‟ responses can raise concerns.  The 
concern is whether these „no‟ answers are truly representing the respondent‟s desire to pay 
less than the stated amount or if the „no‟ response is in fact a protest bid (Halstead et al., 
1992).  Therefore all bids should be assessed for valid responses.  Protest bids can be 
identified by continuously eliminating observations from the set and recalculating the 
regression coefficients, by administering the survey on a personal interview basis, or 
alternatively by using follow up questions in the questionnaire (Halstead et al., 1992).  
Protest bids can be treated by either (i) omitting the zero bids (Hanley and Spash, 1993), (ii) 
including the bids in the data set and treating them as legitimate zero bids, or (iii) assigning 
all protest bids a mean WTP value (Halstead et al., 1992).  
 
During step four, an appropriate model must be derived to analyse WTP.  Either a parametric 
or non-parametric model can be applied.  The Turnbull estimator is a popular non-parametric 
model that can be used.  This estimator utilises individual‟s choices to create an interval 
estimate for the latent WTP suggested by each individual‟s choice (Bateman et al., 2002).  In 
this case, it is assumed that the respondent‟s lower bound of his or her WTP is the choice pj 
(bid amount j).  The lower bound of the WTP for a sample of referendum responses can 
formally be expressed as follows (Turnbull 1974; Haab and McConnell, 2002): 
 




K
WTP
j
jj
fp
*
0
*
1
                    (2.1) 
 
where:  
f
j
*
1
  =  F j
*
1
- F j
*
 (i.e. the probability that WTP lies between bid j and bid j+1); 
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F j
*
 
=  the fraction of respondents that will pay less than pj (i.e. the proportion of no 
___      votes to each bid amount presented to respondents); and 
K =  the number of bids. 
 
By multiplying each bid amount offered (pj) by the probability that WTP lies between it and 
the next bid (pj+1) and summing the quantities obtained over all bid amounts, an estimate of 
the lower bound on WTP is obtained (Turnbull, 1974; Haab and McConnell, 2002).  The 
variance of the lower bound WTP (i.e. V(WTP)) can be calculated as follows: 
 
V(WTP)                   (2.2) 
 
Non-parametric approaches refer to statistical models which do not specify a priori 
expectation, but rather determine the expectation using data (Wattage, 2002).  This approach 
therefore makes fewer assumptions than the standard parametric approaches (Bartczak, 
Lindhjem, Navrud, Zandersen and Zylicz, 2008).  The non-parametric method estimates 
lower-bound (minimum) mean and median WTP amounts (Pearce and Özdemiroglu, 2002).  
Non-parametric estimation has been identified as a reliable method by which to check the 
overall sensitivity of the parametric results (Bartczak et al., 2008).  Parametric estimation is 
based on the assumption that WTP values are distributed in the population according to some 
probability distribution function.  The main aim of the method is to find the distribution 
function parameters (Pearce and Özdemiroglu, 2002).   
 
With respect to the parametric model estimation, if a bidding game or payment card 
elicitation method was applied in step two, then a bid curve using the WTP amounts as the 
dependent variable, and a range of covariates as the independent ones can be estimated.  
Possible covariates include income, education and gender of respondents.  These 
relationships are essential in determining which of the variables has the greatest effect on the 
WTP estimate and thereby estimating the bid curve/s (Hanley and Spash, 1993).  The bid 
curve can be estimated using various parametric models, such as the ordinary least squares 
(OLS) and Tobit models.   
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The OLS method is a commonly used estimation technique that attempts to obtain numerical 
values for coefficients for a theoretically based regression equation.  The method is relatively 
simple to apply and it attempts to minimise the summed square residuals ( ) 
(Studenmund, 2006).  The same approach is applied to both single-independent variable 
regression models and multivariate regression models. 
 
The standard equation takes the form of: 
 
                 (2.3) 
 
where: 
Yi  =  represents the ith observation of the dependent variable; 
Xij = represents the ith observation of the jth independent variable j = 1,2,….. P; 
β0  =  represents the intercept term;  
βj  =  represents the parameter of the jth independent variable; and 
ei =   represents the ith residual observed. 
 
The OLS model selects estimates of βji that will minimise the summed square residual 
(Studenmund, 2006).  A major concern of the OLS estimator is that regression parameters 
will be biased and inconsistent if the dependent variable is censored.  Censored refers to the 
dependent variable having a limited lower and/or upper limit (Hill, Griffithes and Lim, 2008).  
To solve this problem, the Tobit model could be applied.  The Tobit model is a maximum 
likelihood procedure that identifies both limited observations (y = 0) and non-limited 
observations (y > 0) (Hill et al., 2006). 
 
The general form of the model can be expressed as (Greene, 2003): 
 
            0 if  ≤ 0               (2.4) 
                                      if > 0 
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where: 
 = a row vector where first element is 1 followed by p independent variables, xj; j 
_____ = 1,2 ….P; and  
β = a column vector of parameter , i = 0,1,2,…. P (Hosking, 2007).  
 
The dependent variable data is assumed to be censored at 0.  The model is estimated by 
maximising the log-likelihood function (ln L) for the censored regression model.  This can be 
expressed as (Greene, 2003): 
 
             (2.5) 
 
The two sections of this equation include, firstly, the non-limited observations, and secondly, 
the probability of limited observations (Greene, 2003).  The new individual WTP can be 
obtained from either the OLS or Tobit regression equation by simply substituting the mean 
values of all independent variables into it.  
 
If, in contrast, a dichotomous choice elicitation format is used, then a limited dependent 
variable model must be applied. Hanemann‟s (1984) random utility maximisation model 
forms the basis of the standard DC method.  The logit model provides the fundamental 
relationship: 
 
Probability (Yes) = 1 – {1 + exp[0 – 1(RX)]}
-1
                (2.6) 
 
Where the s refer to coefficient estimates of the logit model. RX is the rand amount that 
respondents are asked to pay (Bateman et al., 2002).  Not unlike the OLS and Tobit models, 
other covariates can also be included in the logit model.  
 
In the case of the DC model, Hanemann (1989) established a formula to estimate the mean 
individual WTP (assuming the WTP is greater than or equal to zero): 
 
Mean WTP = (1/1) x ln(1 + e
o
)                   (2.7) 
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where: 1 refers to the estimated coefficient of the bid and 0 can be either the estimated 
constant (in the case where no other explanatory variables are included) or alternatively the 
grand constant, which is calculated as the sum of the estimated constant added to the product 
of the other independent variables times their respective means (Hanemann, 1989). 
 
Once the mean WTP amount has been calculated, it should be aggregated over the population 
of interest (step five) (Hanley and Spash, 1993).  This is done by multiplying the sample 
mean by the number of households in the population.  However, the sample could be a biased 
reflection of the relevant population (a lower level of education or higher level of income 
than the population).  In that instance, if the variables have already been included in the bid 
curve, then an estimated population mean bid will have to be derived.  This is done by 
inserting population variables, for example education and income, into the bid curve.  The 
estimated mean bid is then multiplied by the number of households in the population (Hanley 
and Spash, 1993). 
 
A CV study should be evaluated for reliability and validity (step six) (Hanley and Spash, 
1993).  Reliability refers to the ability of the survey instrument to provide the same values 
when repeatedly administered.  Validity considers the degree to which the survey instrument 
overcomes the hypothetical nature of the exercise as well as any possible biases, in order to 
estimate respondents WTP values (Pearce and Özdemiroglu, 2002).  This is discussed further 
in section 2.3.1.5. 
 
2.2.1.1 NOAA guidelines for performing CVM studies 
In addition to the steps outlined above, the researcher can also rely on the guidelines set forth 
in the „Report to the NOAA Panel on Contingent Valuation‟ (see Arrow et al., 1993).  
Briefly, the NOAA Report guidelines are as follows: 
- The researcher should conduct probability sampling; 
- Non-response rates should be kept to a minimum; 
- The researcher should conduct face-to-face interviews as opposed to mail or 
telephonic interviews; 
- Any extensive CV study should assess interviewer related biases; 
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- The CV report should include: population sampled, sample frame and size, non-
response rates as well as the exact wording of questionnaire, CV data should be stored 
and made available to all interested parties; 
- The CV survey should be designed conservatively; 
- The CV survey should adopt the WTP format above the WTA format; 
- The valuation question should be in a referendum type format; 
- Adequate and accurate information concerning the environmental programme or 
policy should be provided to all respondents; 
- Photographs should be included in the survey only if presentation bias can be 
avoided; 
- Respondents must be reminded of any substitute commodities that are available for 
the good or policy being evaluated; 
- A sufficient time period from the date of environmental damage to the date of the 
survey must have elapsed; 
- A no-response answer should be questioned indirectly; 
- All survey „yes‟ and „no‟ responses should be followed by an open-ended question; 
- Questions that will assist in interpreting responses should be included; 
- The CV survey should remain effective yet be simple enough for respondents to grasp 
the information; 
- Respondents should be made aware of their budget constraints; 
- The survey should be designed in any manner that deflects any “warm-glow” effects; 
and lastly 
- The interviewer should ensure that all respondents are able to recognise both interim 
and steady-state losses (Arrow et al., 1993). 
 
2.2.1.2 The merits of the CVM 
The CVM is a well-used and supported method (Arrow et al., 1993; Hanley and Spash, 1993; 
EIFAC, 2002; Mendelsohn and Olmstead, 2009) and has been used extensively to analyse 
various policies as well as damage claims (Carson, Flores and Meade, 2000; Vlachokastas, 
Archillas, Slini, Moussiopoulos, Baines and Dimitrakis, 2011; Wang and Mullahy, 2006). 
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The greatest advantage of the CV method is that it is capable of valuing both use and non-use 
values (EIFAC, 2002).  It is therefore a flexible method in that it can be used to estimate the 
economic value of most goods and services (King and Mazzota, 2003). 
 
2.2.1.3 Application issues of the CVM 
There exist several biases in CVM which have been the focus of a large body of research, 
namely strategic bias, design bias, mental account bias, hypothetical market bias and non-
response bias. 
 
a) Strategic bias 
Respondents will most likely understate their WTP amount if they wish to influence a 
specific result.  Since environmental goods and services are typically non-excludable, 
individuals could understate their WTP because they know that the goods and services will be 
provided whether they pay the required amount or not (the free-rider problem).  The opposite 
holds true (overstated WTP) if respondents perceive that the interviewer is interested in mean 
WTP (Hanley and Spash, 1993).  Strategic biases can be reduced or excluded by using 
referendum formats in the survey (Hanley and Spash, 1993) and avoiding the use of mail 
surveys (Mitchell and Carson, 1989).  It should be noted that well-designed CVM studies are 
less susceptible to strategic bias (Hanley and Spash, 1993). 
 
b) Design bias 
When structuring the survey instruments, certain information has to be relayed to 
respondents.  Concerns have arisen regarding the manner in which this information is relayed 
(for example, its format, the specific order as well as the amount of information) (Hanley and 
Spash, 1993).  These concerns could lead to what is referred to as design bias.  Design bias 
can be broken up into three separate biases, namely (i) the choice of the payment vehicle, (ii) 
starting point bias and (iii) information bias (Hanley and Spash, 1993). 
 
i) Payment vehicle bias 
The choice of bid vehicle, such as an entry fee, a tax, and a trust fund payment, could have an 
influence on respondents‟ WTP.  Some respondents may have an adverse feeling towards 
paying for a public good or service and others may have concerns over the effectiveness of 
collecting the chosen payment vehicle (Hanley and Spash, 1993).  The best way of avoiding 
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this bias is to ensure that any controversial or complicated means of payment is avoided and 
that the most simple and practical method is chosen (Hanley and Spash, 1993). 
 
ii) Starting point bias 
When applying a bidding game in a survey, the actual starting bid can affect the final bid 
stated by respondents.  The starting bid may suggest what the interviewer believes to be the 
appropriate bid size.  This bias could also occur as a result of a lack of interest in the survey 
by the respondents (Hanley and Spash, 1993).  Starting point bias can be avoided by using 
payment cards or referendum-type elicitation formats (Hanley and Spash, 1993). 
 
iii) Information bias 
Information bias can occur whenever respondents are asked for valuations of characteristics 
with which they have minimal or no experience.  In other words, their valuation may be 
based on a completely false perception.  
 
In order for the survey instrument to yield useful information regarding an individual‟s WTP, 
the individual must understand what is being valued.  If information provided as part of the 
questionnaire is unclear to the respondents, then doubt arises about the bid amount stated.  
Another concern regarding the provision of information is whether respondents internalise 
and accept the information when answering the survey question or if they just hear the 
information.  It is essential that respondents accept the information provided when making 
their choices (Arrow et al., 1993).  
 
c) Mental account bias 
For an individual to be able to determine his/her bid for a particular good or service, he/she 
should allocate a certain portion of his/her total time, wealth, and income to the protection 
and support of the environment.  This portion of the individual‟s total wealth, time and 
income should then be subdivided into the various initiatives deemed important (Hanley and 
Spash, 1993).  Mental account bias originates when an individual allocates all of his or her 
“environmental budget” to the particular good or service under evaluation, thus not making 
allowances for other environmental initiatives that are of interest to him/her (Hanley and 
Spash, 1993).  Mental account bias can also be as a result of the „warm glow‟ effect that 
respondents project when answering survey questions concerning environmental policies or 
programmes.  The „warm glow‟ effect refers to the emotional feelings that are attached to 
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contributing towards an environmental cause.  This effect is likely to result in respondents 
over-stating their bid (Arrow et al., 1993).   
 
To counter mental account bias, respondents should be reminded of their budget constraints 
(Arrow et al., 1993).  In addition, Arrow et al. (1993) recommend that the WTP responses 
from a CV study should be used as indicators of the general approval of the environmental 
policy under review instead of definite reliable estimates of the value of the policy. 
 
d) Hypothetical bias 
Respondents are presented with a hypothetical market in which they are expected to state a 
bid value.  The hypothetical nature of the market may cause respondents to act differently 
from how they would when faced with a real life scenario.  This could lead to an over or 
underestimation of their bid amounts (Hanley and Spash, 1993; Arrow et al., 1993).  The best 
way of preventing this bias is to ensure that the market is presented to respondents in the 
most realistic manner possible (Hanley and Spash, 1993). 
 
e) Non-response bias 
Non-response bias occurs as a result of either the unwillingness of respondents to answer 
certain questions in the survey (item non-response bias) or when respondents refuse to 
participate in the survey as a whole (unit non-response bias) (TRC, 2011).  Both item and unit 
non-response bias can be identified by using follow-up interviews.  The follow-up interviews 
allow the researcher to compare respondents‟ initial and later responses and any differences 
between the two interview sets represent non-response bias (TRC, 2011).  Alternatively, the 
survey results can be compared with demographic profiles of this study‟s respondents with 
those of a reliable external source (e.g. National Census) (TRC, 2011).  The probability of 
non-response bias can be reduced by properly designing the survey.  This includes limiting 
the length of the survey and ensuring that it is simply and clearly presented to respondents 
(TRC, 2011).  The presence of non-response bias cannot entirely be eradicated with good 
survey designs, therefore testing for the bias as well as adjusting for it is essential (TRC, 
2011).   
 
2.2.1.4 General limitations of the CVM  
The CVM requires surveys to elicit respondents‟ WTP.  Surveys are generally expensive to 
administer and a small research budget can place limitations on the valuation study.  The 
 25 
 
most detrimental of these is the selection of cheaper valuation techniques over more 
expensive or sophisticated models, as this could have a direct impact on the credibility of the 
study (Abaza and Rietbergen-McCracken, 1998).  
 
The CVM could also exhibit ordering and embedding effects.  Ordering effects refer to the 
effect that the specific listing of goods will yield higher (if listed first or high up), lower (if 
listed lower) or arbitrary WTP values.  The embedding effect refers to the median and mean 
WTP responses being the same irrespective of the generality of the good.  Thus, regardless of 
whether a good is specifically identified or broadly defined it yields the same WTP amount.  
A possible reason for the occurrence of these effects in CV studies could be as a result of 
„warm glow‟ responses made by respondents (Hanley and Spash, 1993).  Some CV studies 
have had outcomes that were proven inconsistent with the basic assumptions of rational 
choice (Arrow et al., 1993).  Rational choice requires a general consistency amongst choices 
that individuals make (Arrow et al., 1993).   
 
These concerns have stemmed from earlier studies that used problematic survey techniques, 
and were conducted on very low budgets.  More recent studies, however, using this 
methodology have addressed some of these concerns (Arrow et al., 1993).  Guidelines such 
as those presented by the NOAA have assisted in mitigating some of these problems.  
Furthermore, the extensive criticisms of the CV technique in the past have motivated 
academic bodies to continuously improve on its development.  The CV technique has been 
acknowledged as one of the only economic valuation methods capable of providing 
information on damage assessment for an area which appears to have lost passive and active-
use values using a carefully constructed theoretical framework (Arrow et.al., 1993; Carson, 
Flores and Meade, 2000).   
 
Each valuation study should consider the limitations posed by the chosen valuation 
technique.  The researchers applying the chosen valuation technique should ensure that the 
results of the study are as valid and reliable as possible.  A brief discussion on the validity 
and reliability of the CV technique is presented below.  
 
2.2.1.5 Validity and reliability 
The credibility of a valuation technique is dependent on (i) how reliable the technique‟s 
results are, (ii) how valid the technique‟s results are, and (iii) whether the technique is 
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supported by the general academic community.  Each of these factors will be considered for 
the CV technique. 
 
a) Reliability 
An implicit price can be considered reliable if there is a high degree of consistency between 
responses from the individuals used to calculate the measure at two points in time (Hair, 
Black, Babin and Anderson, 2010).  The objective of reliability testing is to ensure that 
choices made by respondents are not too varied over different time periods.  Reliability 
therefore refers to the degree to which the survey instrument can be relied upon to provide the 
same results if it were to be administered repeatedly under controlled conditions (Pearce and 
Özdemiroglu, 2002).  Reliability testing methods include the test-retest method, the parallel 
testing method and the alternative form method.  Test-retest reliability testing requires that a 
group of respondents be tested twice.  The relationship and similarity between the two tests is 
estimated by means of statistical correlation.  Reliability will then be dependent on how close 
the relationship between the first test outcomes and the second test outcomes are (PTI, 2006).  
Parallel testing requires the same sample of respondents be tested on two different occasions 
using two parallel forms.  Parallel forms refer to the construction of two different forms that 
have the same level of difficulty as well as having the same underlying blueprint.  Once the 
two tests have been conducted they are correlated to determine if the different forms yield 
similar results.  The greater the consistency between the two forms‟ results, the greater the 
reliability (PTI, 2006).  Alternative form reliability testing refers to the administration of one 
form (form A) to one group (group 1) and another form (form B) to another group (group 2).  
The forms are then alternated so that form A is administered to group 2 and form B is 
administered to group 1.  The forms differ in that they consider similar but not identical 
items.  The results of the alternative forms for both groups are used to find a confidence of 
stability and equivalence (SAU, 2011). 
 
b) Validity 
The validity of a measurement (WTP) is the extent to which it accurately assesses the 
theoretical construct being investigated, by overcoming potential biases and the hypothetical 
nature of the study (Mitchell and Carson, 1993; EFTEC, 2002).  The measurement of actual 
WTP values is, however, problematic due to their unobservable nature.  The approaches to 
assessing validity must therefore make use of indirect methods.  These include the 
implementation of construct validity and content validity tests (see Figure 2.1 below). 
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Figure 2.1: Validity  
Source: Pearce and Özdemiroglu (2002) 
 
i) Construct validity 
Construct validity is achieved if the WTP estimates are related in certain ways to WTP 
estimates derived in similar studies (Bateman et al., 2002).  The two types of construct 
validity are expectations-based validity and convergent validity. 
 
Expectation-based validity 
Expectation-based validity refers to the notion that all results generated are consistent with 
theoretically sensible prior expectations.  In other words, are the WTP estimates consistent 
with economic theory and do they conform to a priori expectations (Hanley and Spash, 
1993).     
 
Convergent validity 
Convergent validity refers to whether the results of a CV study are similar to those obtained 
from other non-market valuation techniques.  In order to test for convergent validity, the 
results from a CV study are compared with those of an alternative valuation method (for 
example, the HPM or TCM).  If both studies yield similar outcomes, then convergent validity 
exists (Hanley and Spash, 1993; Pearce and Özdemiroglu, 2002).  
Validity 
Content validity 
(Are questions understandable? / Do 
questions relate to the study objective?) 
Construct validity 
 (Are expectations and results 
consistent?) 
Convergent validity 
Are estimates consistent 
with 
- Previous RP and 
SP studies? 
- Real markets? 
Expectation based 
validity 
Are estimates consistent 
with 
- Prior experience? 
- Intuition? 
- Economic theory? 
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ii) Content validity 
Content validity, also known as face validity, assesses the extent to which the content of the 
survey instrument is consistent with the definition of the theoretical construct (Hair et al., 
2010).  It is achieved if the survey instrument is such that the respondent feels motivated to 
answer it in a serious and thoughtful manner (Bateman et al., 2002).  This occurs when the 
instrument is set out in a clear and understandable manner and does not suffer from biased 
questions or descriptions. 
 
iii) Academic support 
The degree of academic support can be measured by the number of publications in recognised 
journals that employ the valuation technique in question, the extent to which the technique is 
employed by non-governmental organisations (NGOs) and government organisations, and the 
extent to which the technique is included in the teaching of Environmental and Resource 
Economics courses (Hanley and Spash, 1993). 
 
2.3 CONCLUSIONS 
 
The CVM has been subject to numerous criticisms; however, despite these criticisms, the 
method has still proven to be a credible means to calculate active and passive-use values.  As 
such, the present study will employ the CVM to estimate the WTP to remove the manganese 
ore dump and oil tank farm situated in the Port Elizabeth harbour. 
 
Chapter Three provides a short theoretical overview of sample design methodology and 
questionnaire design methodology.  It also describes the sampling methodology as well as the 
development of the CV questionnaire used in this study. 
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CHAPTER THREE: SAMPLE AND QUESTIONNAIRE DESIGN 
 
3.1 INTRODUCTION 
 
It is unrealistic to assume that the observations on all beings or scenarios can be collected and 
analysed so as to determine the outcome of a study (Deflem, 1998).  Sampling allows a 
proportion of the larger group, referred to as the real population of interest, to be identified, 
examined and analysed.  The sample‟s responses will stand to represent those of the real 
population (Gregoire and Valentine, 2008).  To extract these responses, a survey 
questionnaire is generally used.  When structured and administered correctly, a survey can 
prove to be a valuable tool in eliciting information on the sample units (Gregoire and 
Valentine, 2008).  This chapter will consider sample design methodologies as well as 
questionnaire design.  
 
3.2 THEORETICAL SAMPLE DESIGN METHODS 
 
In order to obtain high quality data on which to base a study, a representative sample of the 
real population has to be identified and information on the sample has to be collected and 
analysed.  The sample forms the basis of most research studies, therefore proper planning of 
the sample design is crucial (Zhang, 2007).  To ensure sample design is executed correctly, 
five steps have to be followed (Leung, 2001a): clarify the purpose of the study, determine the 
real target population
8
, apply a sample strategy and estimate the study sample size, conduct 
the survey and collect the data, and lastly, record the data collected from the survey, and 
analyse and interpret the results (Pearce and Özdemiroglu, 2002).  An important step in this 
design is the application of a sampling strategy.  This refers to a process whereby various 
procedures are combined in order to select a sample from a large target population (Gregoire 
and Valentine, 2008).  Sampling strategies include electing an appropriate sample 
methodology, and determining the sample size (Leung, 2001a; Piegorsch and Bailer, 2005).  
A sample methodology comprises either probability or non-probability sampling designs. 
 
 
                                                     
8
 The target population refers to the real population that is studied; consideration should always be given to the 
fact that the population used to extract inferences should be the same as the population which is randomly 
sampled (Piegorsch and Bailer, 2005; Leung, 2001a). 
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3.2.1 PROBABILITY SAMPLING DESIGNS 
 
Probability sampling implies that each unit within the target population has an equal chance 
of being included in the sample thus a known non-zero probability of inclusion is assumed 
(Statpc, 2011).  Probability theory can be applied to determine a probabilistic sample where 
the odds are known.  Researchers prefer probability sampling designs as they are generally 
more accurate and rigorous (Deflem, 1998; Trochim, 2006).  Probability sampling includes 
the following:  simple random sampling, stratified sampling, systematic sampling, and cluster 
sampling.  
 
3.2.1.1 Simple random sampling  
Random sampling refers to the method of collecting a sample via a random process that gives 
equal opportunity for inclusion to each unit in the population.  The process relies on each 
sampling point being selected independently from all the available points (Zhang, 2007).  An 
example of a random sampling process involves assigning each unit in the population a 
number starting at 1 and then selecting a sample using a table of random numbers (Deflem, 
1998).  An advantage of the method is that it is relatively straightforward and simple to apply 
(Zhang, 2007). 
 
3.2.1.2 Stratified random sampling 
Stratified random sampling divides the target population into various strata.  A stratum refers 
to a section of the target population that has at least one characteristic in common 
(homogeneous) (Statpc, 2011).  Each stratum is then subjected to random sampling in order 
to select an appropriate number of subjects from each stratum (Statpc, 2011).  Stratified 
sampling relies on the assumption that the difference in responses is generally more 
homogeneous within a given stratum than across various strata (Piegorsch and Bailer, 2005).  
Stratified sampling is generally used when a low incidence exists for one or more strata in the 
population compared with other strata (Statpc, 2011).  
 
3.2.1.3 Systematic sampling 
Systematic sampling refers to the selection of every x
th
 unit from the sample frame.  The x 
indicates the unit of difference between successive selections.  The first unit is randomly 
selected from the x units in the frame.  When the frame has reached its end the sample 
selection will cease (Gregoire and Valentine, 2008).  By way of example, assume a 
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population has 3000 units all listed, and a sample size of 300 is required.  The sample frame 
would be 3000/300 which is 10.  A number (x) is then randomly selected between the 1
st
 and 
10
th
 unit in the frame, for example let us assume 5.  The sample will continue down the list 
each time selecting the 5
th
  unit from each given frame of 10 units (Westfall, 2008).  An 
advantage of this method is that it is simple, practical and generally efficient in selecting a 
sample (Deflem 1998; Statpc, 2011).  A disadvantage of the method, however, is that if a 
pattern is present in the sample elements that coincides with the sampling frame, then the 
sample may not be a proper representation of the population (Piegorsch and Bailer, 2005; 
Westfall, 2008). 
 
3.2.1.4 Cluster sampling 
Cluster sampling refers to the method of clustering the population into various groups.  The 
criterion for the groups is based on a pre-selected theme that is common amongst the 
clustered group.  Unlike stratified sampling, cluster sampling does not require the clusters to 
represent a known source of variation amongst the observations (Piegorsch and Bailer, 2005).  
The clusters are thus heterogeneously based on pre-selected criteria (Westfall, 2008).  The 
clustering of the population is a multistage process that involves (i) selecting a given cluster 
within the population based on a pre-selected theme, and (ii) selecting further clusters within 
the given cluster (Deflam, 1998).  This method is relatively efficient as it allows a small 
number of elements to be selected from a given cluster (Deflam, 1998).  A concern with this 
method, however, is the possible presence of sampling errors at each stage of cluster 
sampling.  As the sample size diminishes the error is expected to magnify at each level of 
cluster sampling (Deflam, 1998). 
 
3.2.2 NON-PROBABILITY SAMPLING  
 
Probability sampling is generally preferred over non-probability sampling but under certain 
circumstances, from either a practical point of view or as a result of financially and 
theoretical constraints, non-probability sampling may prove to be a more efficient and 
sensible sampling approach (Trochim, 2006). 
 
Non-probability sampling can broadly be classified as accidental or purposive in nature.  The 
former refers to a random sampling approach that is aimed at eliciting general public opinion 
from volunteers.  This approach can be contested on the grounds that there is no evidence that 
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the sample is an accurate representation of the population (Trochim, 2006).  The latter non-
probability approach, purposive sampling aims to sample a specific predefined group.  This 
approach is effective when attempting to reach a purposive target sample promptly, and when 
the primary concern is not the proportionality of the population.  Purposive sampling does 
tend to overweigh subgroups within the population that are not accessible.  Despite this 
disadvantage the approach can be more time saving and practical in certain circumstances 
(Trochim, 2006).  Purposive sampling can be applied to sampling specific groups (quota, 
modal and expert sampling), or to sampling for diversity (heterogeneous sampling).  It can 
also be used in cases where respondents are difficult to identify and/or locate (snowball 
sampling and convenience sampling) (Trochim, 2006).  These different forms of purposive 
sampling are briefly discussed below.  
 
3.2.2.1 Quota sampling 
Quota sampling is a non-random approach to selecting respondents based on a fixed quota 
(Trochim, 2006).  The quota can either be applied non-proportionally or proportionally.  Non-
proportional quota sampling is similar to stratified random probability sampling in that it 
attempts to select a number of units from a pre-identified stratum that have the same 
proportions as the real population (Statpc, 2011).  The method thus ensures the adequate 
representation of smaller groups within the sample, but does not concern itself with matching 
the sample proportions with the population proportions.  Proportional quota sampling 
samples a certain amount of the true population in a proportional manner, based on specific 
population characteristics (for example race, age, education, gender and socio-economic 
status) (Trochim, 2006).  A disadvantage of this sampling methodology is that the 
information on the population elements could be inaccurate, thus causing the sample to be 
unrepresentative (Deflem, 1998).  
 
3.2.2.2 Convenience sampling 
Convenience sampling refers to the process of sampling where a researcher selects a unit 
from the real population purely due to its availability and accessibility (Deflem, 1998, Statpc, 
2011).  An advantage of this method is that it is relatively simple, inexpensive and time 
saving (Statpc, 2011).  This method can, however, be subject to various biases as concerns 
over the representativeness of the population cannot always be addressed (Deflem, 1998).  
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3.2.2.3 Snowball sampling 
When populations are not easily accessible or population size is relatively small then 
snowball sampling can be used.  This refers to the selection of one unit of the real population 
who meets all the criteria for inclusion in the study.  This „unit‟ then refers the researchers to 
another unit within the population who meets the same criteria, who then refers the 
researchers to another unit and so on (Deflem, 1998; Trochim, 2006).  This method has the 
advantage of being low in cost but unfortunately snowball sampling can induce strong biases 
as the sample is not likely to be a good representation of the real population (Statpc, 2011). 
 
3.2.2.4 Modal sampling 
Modal sampling involves using the most „frequent case‟ that occurs within a given 
distribution. The sample will therefore only include respondents who fit the „frequent case‟ 
criteria.  This method relies on a „modal‟ case which utilises average variables for a typical 
respondent, however, the average variables might not always be relevant for all respondents.  
Despite this disadvantage, the method can be effective in the context of informal sampling 
(Trochim, 2006). 
 
3.2.2.5 Expert sampling 
Expert sampling involves the sampling of a panel of experts, demonstrated to possess a 
certain level of expertise and experience in a given field, in order to determine the response 
of the real population.  Expert sampling is generally utilised in cases where support is 
required over the validity of a prior sampling approach applied or alternatively to elicit 
specific expert opinion.  This method can be effective in providing support for various 
research decisions, but can be problematic if the expert opinion proves to be biased or 
incorrect (Trochim, 2006). 
 
3.2.2.6 Heterogeneity sampling 
Heterogeneity/diversity sampling involves the sampling of specific opinions or views of the 
real population without concerning itself with the proportionality of the population.  This 
method aims to broadly elicit certain opinions or views from the real population (Trochim, 
2006). 
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3.3 SAMPLE SIZE DETERMINATION 
 
The sample size of a study plays a major role in determining the accuracy and quality of the 
research results (Bartlett, Kotrlik and Higgins, 2001).  Despite this, no clear or constant 
sample percentage exists for each population.  What is clear, is that the sample size must 
always be representative of the real population (Pennstate, 2011).  Before determining a 
specific study‟s sample size, various factors have to be considered: the goals of the sample; 
the sampling error; confidence levels; degrees of variability; and response rates (Qualtrics, 
2008; Pennstate, 2011).  These factors are briefly discussed below. 
 
3.3.1 SAMPLE GOALS 
 
The first step in determining the sample goal is to consider the size and characteristics of the 
real population.  By identifying these factors one can determine which sampling method is 
most appropriate to apply.  All constraints in the study, for example financial constraints, 
need to be identified (Pennstate, 2011). 
 
3.3.2 DETERMINE THE SAMPLING ERROR  
 
In order to ensure that the sample reflects the true value of the population, the level of 
precision between the sample and the population must be as close as possible, thus ensuring 
that the sampling error is as small as possible (Pennstate, 2011; Bartlett et al., 2001).  In order 
to obtain a higher degree of precision, a large sample size is required.  This can be costly and 
require substantial resources.  If the sample size is too small, however, the sampling error will 
be high and this could jeopardise the results of the study.  Determining acceptable levels of 
sampling error therefore requires the balancing of accuracy and available resources 
(Pennstate, 2011; Herek, 2009). 
 
3.3.3 CONFIDENCE LEVELS 
 
In order to determine sample size, confidence levels need to be identified.  Confidence levels 
refer to the proportion of the population that reflects the response or characteristics of the true 
population value within a particular precision range (determined by the sampling error).  
High confidence levels reflect greater significance but caution should be taken, as higher 
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confidence levels require greater sample sizes.  Low confidence levels, however, could 
render the results of the study statistically insignificant (Pennstate, 2011).  
 
3.3.4 DEGREE OF VARIABILITY 
 
The degree of variability refers to the degree to which the selected characteristics (that are 
estimated in the survey question) are present throughout the real population.  In order to get 
proper representation, a larger sample size may be required to improve the accuracy of the 
results (Pennstate, 2011).  
 
3.3.5 RESPONSE RATES 
 
Some respondents may not be willing to participate or respond to a survey.  To ensure that 
the base sample size is sufficient, it is generally increased to account for these non-responses 
(Pennstate, 2011).  The response rate can be estimated by taking the number of respondents 
who completed their interviews divided by the total number of respondents (including all 
non-participants) present in the overall sample (Herek, 2009).  
 
Once all of the above factors have been considered, a sample size can be determined.  This is 
done by using a sample size of a similar study, by utilising published tables, or by means of a 
formula (Qualtrics, 2008).  When presented with continuous or categorical data, Cochran‟s 
(1977) sample size formula is largely supported (Bartlett et al., 2001).  This formula is, 
however, reliant on two factors, namely alpha
9
 levels and the margin of error (Bartlett et al., 
2001).  A 0.05 alpha level is generally accepted in most research studies.  A 0.01 alpha level 
should be utilised in cases were the outcomes of the study are used for the purposes of 
making policy decisions, or where errors in the study can have detrimental financial and 
personal repercussions (Bartlett et al., 2001).  An acceptable margin of error for categorical 
data is 5 percent, whereas a 3 percent margin of error is deemed acceptable for continuous 
data (Krejcie and Morgan, 1970; Bartlett et al., 2001).  A final component of the sample size 
formula is estimating the population variance.  The sample size population variance can be 
determined by taking the sample in two distinct steps.  The result of the first step is used to 
                                                     
9
 Correct survey design attempts to minimise alpha error and beta error.  Alpha errors (type 1 errors) refer to the 
identification differences in the population that in reality do not exist. Beta errors (type 2 errors) refer to a 
failure to identify differences that are present in the population (Peers, 1996; Bartlett et al., 2001). 
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determine the number of additional responses that are needed to achieve an appropriate 
sample size based on the variance observed in the first step (Bartlett et al., 2001).  Other 
options are available for determining population variance, namely, utilising pilot study results 
or by using data from previous studies that have a similar population (Cochran, 1977). 
 
To determine the basic sample size in the case of continuous data, Cochran‟s sample size 
formula can be used.  This formula is expressed as follows: 
 
                    (3.1) 
 
where: 
 = minimum required return sample size; 
t  =  the selected alpha level in each tail; 
s  =  the population standard deviation estimate; and 
d  =  the acceptable margin of error. 
 
If the formula calculates a sample size that exceeds 5 percent of the population, then 
Cochran‟s (1977) correction formula should be used to estimate the final sample size (Bartlett 
et al., 2001).  The correction formula is stated as: 
 
                   (3.2) 
where: 
P =  size of the population; 
n0  =  the sample size calculated in formula (3.1); and 
n1  =  the required return sample size as a result of the sample being more than 5 
____                percent of the population. 
 
In the case of categorical data, Cochran‟s adapted sample size formula is then utilised 
(Bartlett et al., 2001).  This formula is expressed as: 
 
                    (3.3) 
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where:  
t  = the selected alpha level in each tail; 
(p)(q)  =  the variance estimate; and 
d  =  the acceptable margin of error. 
 
As with continuous data if the sample size is greater than 5 percent of the population, then the 
correction formula specified in equation (3.2) is applied (Bartlett et al., 2001).  
 
If a study has both continuous and categorical data, then the following formula can be utilised 
(Qualtrics, 2008): 
 
                   (3.4) 
 
where: 
n  = size of the sample; 
N  = size of the population; and 
e  =  margin of error. 
 
3.4 SAMPLE DESIGN AND SAMPLE SIZE DETERMINATION FOR THIS STUDY 
 
The non-probability quota sampling method was employed in this pilot study.  The main 
criterion taken into account to find the required cases was race.  Two other criteria were also 
considered, namely age and gender.  In April 2010, a sample of 192 Nelson Mandela Bay 
(NMB) households was interviewed face-to-face during an intercept survey.  The targeted 
respondents were household heads, aged 18 and older.  A household head was deemed to be 
an individual who is responsible for the primary care of his or her household.  
 
The study included both continuous and categorical data; therefore equation (3.4) was 
applied.  Assuming an error margin of 5 percent and 289 000 household heads (LFS, 2007), 
the ideal size of the sample is 399 household heads.  Due to time and budget constraints, as 
well as the fact that this is a pilot study, a sample of 192 households was surveyed.  
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3.5 QUESTIONNAIRE DESIGN 
 
Once the sample size has been determined, the survey instrument can then be administered.  
The most common instrument used to collect information on a sample is a questionnaire 
(Deflem, 1998).  To ensure that the questionnaire extracts valid and factual responses it must 
be properly designed.  The main purpose of proper questionnaire design is to ensure that (i) 
the response rate is high, and (ii) accurate and relevant information is elicited from 
respondents (Leung, 2001b).  In order to increase response rates and acquire accurate 
information from respondents, various factors must be taken into consideration, for example, 
how should the questionnaire be administered, what should the length of the survey be, and 
how should the questions be structured (Leung, 2001b).  Some of these factors are addressed 
below. 
 
3.5.1 CRITERIA FOR QUESTIONNAIRE DESIGN  
 
One of the first factors to consider when designing a questionnaire is what questions should 
be included, and how should they be presented to the respondent.  It is also important to 
identify what information is required by respondents to make informed decisions.  The use of 
focus groups and pretested pilot studies ensures that the questionnaire adequately performs its 
function (Mitchell and Carson, 1995; Carson et al., 2000; Leung, 2001b).  
 
Once the necessary information has been identified, a decision must be made on how to 
structure the specific WTP question in the questionnaire.  It can be open-ended (where 
respondents have to assign their own value to a non-market good) or closed ended (where 
respondents have to accept or reject a given value that they would be requested to pay) 
(Wattage, 2002).  The open ended format is susceptible to unacceptably large numbers of 
non-responses.  In contrast, closed ended questions have gained popularity as they are quick 
and easy to answer, and the coding, recording and analysis of results is fairly straightforward 
(Wattage, 2002; Leung, 2001b). 
 
According to Leung (2001b), properly constructed survey questions should: 
- be simple; 
- require only one piece of information from respondents; 
- not be ambiguous;  
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- ensure that respondents have the same knowledge of the good in question; 
- not include unnecessary details; and 
- not include contradictory questions. 
 
The length of the questionnaire should also be considered.  No prescription exists as to the 
appropriate length of a questionnaire, however, the shorter and simpler the survey instrument, 
the greater the general response rate (Leung, 2001b).  The ordering of the questions also has 
an effect on response rates.  Questions should be arranged from easy to difficult, and from 
generalised to more specific.  This ordering can ensure that the respondent‟s interest is 
sustained (Leung, 2001b).  
 
Common CV survey instrument design includes: an introductory section that explains the 
purpose of the study and sets the general context for the decisions that have to be made, a 
detailed description of the non-market good and hypothetical market that is to be evaluated, a 
payment vehicle
10
 (for example, a tax  or a trust fund payment), the WTP question, debriefing 
questions where respondents are asked to comment on why they answered the WTP question 
in the way they did, and socio-economic questions (Carson et al., 2000). 
 
3.6 QUESTIONNAIRE DESIGN FOR THIS STUDY 
 
In terms of questionnaire design, this study attempted to conform to all the guidelines 
contained in the NOAA Report.  The questionnaire (see Appendix E) consisted of four major 
sections.  The first section provided the respondent with background information on the local 
undesirable land use.  This was done as follows: 
 
An oil tank farm and manganese ore dump are situated on the southern border of the Port 
Elizabeth (PE) harbour.  It is argued that the oil tank farm and ore dump both pose a serious 
risk to the community, especially those who live and recreate in close proximity to them.  
More specifically, the following factors are of concern: 
 
 Air pollution in the form of manganese dust; 
                                                     
10
 The payment vehicle must be chosen carefully as respondents may have distinct preferences for the way that 
they pay for non-market goods (Carson et al., 2000). Also, the payment vehicle must be presented to 
respondents in a credible manner in order for them to believe that payment will actually be required from them 
(Carson et al., 2000). 
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 The risk of an explosion due to fuel leaks from the oil tanks; 
 The burial of sludge on-site (when the oil tanks are cleaned); 
 Oil leaks into the harbour; and 
 The oil tank farm and manganese ore dumps are eyesores (they diminish substantially 
the aesthetic beauty of the harbour and surrounds) and hamper the development of 
the harbour. 
 
Transnet, which owns the PE harbour, says the oil tank farm and manganese ore dumps will 
only be moved, at the earliest, around 2015/16 (once the current tenants’ leases expire).  
 
The purpose of this questionnaire is to determine your preferences for a project that would 
ensure that the oil tank farm and manganese ore dumps are removed immediately (within the 
next 3 to 6 months) from the PE harbour.  To fund this removal project a trust fund is 
proposed.  This trust fund will be administered by the Nelson Mandela Bay Municipality 
(NMBM).  We will ask you to answer the questions contained in this questionnaire in 
accordance with your personal viewpoint.  In this way, no answer is more correct than 
another - we are interested in your opinion.  Your answers will be treated confidentially and 
will be used exclusively for research purposes.   
 
The second section referred to respondents‟ general attitudes to the environment as well as 
their prior knowledge of the land use in question.  It elicited information on respondents‟ 
attitudes towards the environment and their prior knowledge of the disamenity in question.  
 
The first question asked the respondents whether they were aware of the existence of the 
manganese ore dump and oil tank farm in the Port Elizabeth harbour.  Question two asked 
respondents whether they believe that the protection of the environment is one of the most 
important tasks within government policy.  Question three asked respondents whether they 
felt that the problems associated with the oil tank farm and manganese ore dump are 
exaggerated
 11
. 
 
                                                     
11
 For both questions two and three, a scale was used where a rating of 1 indicated that the respondent disagreed 
completely with the statement made in the question, and a rating of 5 indicated that the respondent agreed 
completely with the statement made in the question (a “do not know” option – option 6 - was also included). 
 41 
 
The third section entailed the WTP referendum.  Six different bid amounts were established: 
R5, R10, R18, R40, R75 and R100.  The WTP question asked in the survey followed the 
example of Loomis, Kent, Strange, Fausch and Covich (2000), whereby the question was 
posed in a referendum format in the context of an election (Haab and McConnell, 2002). The 
WTP question was stated as follows: 
 
If a local government election were being held today and the total cost to your household is a 
once-off trust fund payment of   R x , would you vote for the oil tank farm and manganese ore 
dump removal project or vote against it?  
 
-- I would vote for it   -- I would vote against it  
-- Don’t know 
 
The Rx amount was randomly filled in using one of the six bid amounts.  As shown above, 
the questionnaire permitted “Don‟t Know” options in the valuation question response.  
Following the status quo approach as per Groothuis and Whitehead (2008), all „Don‟t know‟ 
responses were treated as „No‟ responses.  If a respondent voted „No‟ a follow-up question 
was included in order to elicit the reason behind this refusal to pay.  In order to reduce 
potential hypothetical bias and mental account bias, the respondents were also reminded that 
spending more money on this project would mean they would have less to spend on all other 
goods and services (they therefore faced a budget constraint).  More specifically, the budget 
constraint reminder was stated as follows: 
 
Remember that your income is limited and has several uses and that this project is but one of 
many such projects in South Africa and the world.  Before you vote, therefore, we would ask 
you to be totally sure that you are willing and able to pay the stated sum associated with this 
project.   
 
The last section of the questionnaire incorporated questions of a socio-demographic nature, 
for example, the respondent‟s age, gender, and race.  These questions were asked in order to 
test the theoretical validity of the WTP answers provided (Pearce and Özdemiroglu, 2002).  
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3.7 PILOT STUDY COMMENTS 
 
International best practice suggests that a pilot study is a crucial element of the survey design 
process that is to be carried out before the main survey takes place (Mitchell and Carson, 
1989; Carson et al., 2000; Hanley and Spash, 1993).  A pilot study was also conducted in this 
study.  The main aim of the pilot study was to develop a concise, clear and consistently 
written questionnaire that would elicit the necessary answers from respondents.  Special 
attention was given to the following survey elements: question structure and word choices (to 
evaluate how easily the respondents understood the various wording combinations); and the 
length of the questionnaire.  The pretesting of word choices was crucial as any possible 
cultural and language differences between the researchers and the study participants had to be 
identified (Mangham, Hanson and McPake, 2009; Leung, 2001).   
 
3.8 CONCLUSION 
 
Proper sample and survey design is imperative for the success of a CV study.  The study 
closely followed the NOAA guidelines to construct a properly designed survey instrument.  
The study sample was non-randomly selected, and used the n
th
 intercept survey technique.  A 
sample size of 192 households were interviewed (this sample size was deemed sufficient for a 
pilot study).   
 
Chapter Four will analyse and interpret the data collected via the survey instrument. 
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CHAPTER FOUR: THE CV STUDY 
 
4.1 INTRODUCTION 
 
The results of the survey are presented in Chapter Four.  The data were analysed using both 
parametric and non-parametric techniques.  A Logit model was applied in the parametric 
estimation and the Turnbull estimator was applied in the non-parametric estimation.  The 
socio-economic profile of respondents as well as their WTP bids are presented in this chapter.    
 
4.2 EMPIRICAL RESULTS AND DISCUSSION 
 
4.2.1 SOCIO-ECONOMIC CHARACTERISTICS FOR THE RESPONDENTS 
 
A comprehensive analysis of the characteristics of the Nelson Mandela Bay population of 
household heads is available via the Labour Force Survey of September 2007.  This was used 
to judge the representivity of this sample in the CV survey (see Table 4.1 below).  If the 
characteristics of the sample and the population correspond then reasonable confidence can 
be placed in estimates of WTP for the project aimed at removing the manganese ore dump 
and oil tank farm from the Port Elizabeth harbour. 
 
Table 4.1: A comparison of the population and sample statistics for household heads 
(HH) 
Characteristics 
Population of 
HH
 
Sample of HH 
Race 
 
Non-white 84% 83% 
White 16% 17% 
Age (average) 48 39 
Gender 
 
Male 65% 51% 
Female 35% 49% 
Source: Labour Force Survey, September 2007 
 
The race structure of the sample of respondents closely corresponded to the Nelson Mandela 
Bay population of household heads.  The age structure of the sample of respondents broadly 
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corresponded to the general population of household heads.  In terms of the gender types, 
there were a greater proportion of males in the population of household heads compared with 
the sample.  Although not the main sampling criterion, the gender structure of the sample 
could reflect a gender bias.  
 
4.2.2 RESPONDENTS‟ ATTITUDES AND KNOWLEDGE 
 
Section two of the survey questionnaire elicited information on respondents‟ attitudes 
towards the environment and their prior knowledge of the disamenity in question.  The first 
question asked the respondents whether they were aware of the existence of the manganese 
ore dump and oil tank farm in the Port Elizabeth harbour.  The majority of the respondents 
(55 percent) indicated that they were familiar with the ore dump and oil tank farm.  For the 
remaining two questions, a scale was used where a rating of 1 indicated that the respondent 
disagreed completely with the statement made in the question, and a rating of 5 indicated that 
the respondent agreed completely with the statement made in the question (a “do not know” 
option - option 6 - was also included).  It was found that respondents felt that the protection 
of the environment is one of the most important tasks within government policy – this 
question received an average rating of 4.27.  Respondents were indifferent when asked 
whether the problems associated with the oil tank farm and manganese ore dump are 
exaggerated – this question received an average rating of 3.26. 
 
4.2.3 EMPIRICAL ESTIMATION 
 
4.2.3.1 Non-parametric estimates 
In this study, a non-parametric model was estimated first. According to Bateman et al., 
(2002), this type of estimation “is an indispensable step in the analysis of CV data when the 
objective is to estimate the mean and median WTP for a sample”.  Unlike the parametric 
approaches, conservative (lower bound) estimates of WTP can be estimated without 
assuming any distribution for the unobserved elements of preferences (Bateman et al., 2002; 
Haab and McConnell 2002).  Table 4.2 shows the number and percentages of all „yes‟ 
responses at each bid amount. 
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Table 4.2: Bid responses at each bid amount and probabilities of a ‘yes’ response 
0 R5 R10 R18 R40 R75 R100 
Yes 19 19 29 19 12 12 
No 6 11 12 18 17 18 
% Yes 76% 63% 71% 51% 41% 40% 
 
The data indicate that, generally, the higher the bid, the lower is the probability of a „yes‟ 
answer.  With the exception of one bid amount (R10), the percentages of „yes‟ responses 
decrease as the bid increases, reflecting that the distribution is imperfectly monotonic.  More 
specifically, at the lowest bid amount, 76 percent of the respondents indicated that they would 
vote yes, whereas at the highest amount only 40 percent indicated that they would vote „yes‟ 
– this is in line with the economic theory of demand.  The Turnbull estimator for interval 
censored data (the CV referendum responses) was used in this study (Turnbull, 1974; 
Bateman et al., 2002; Haab and McConnell, 2002).  The Turnbull estimates with pooling are 
shown in Table 4.3 below.  
 
Table 4.3: Turnbull estimates with pooling 
pj Nj
1 
Pj
1 
Turnbull 
F j
*
 f
j
*
 
5 6 25 0.240 0.240 
10 11 30 0.324 0.084 
18 12 41 Pooled back
2 
Pooled back
2 
40 18 37 0.486 0.162 
75 17 29 0.586 0.100 
100 18 30 0.600 0.014 
100+ - - 1 0.400 
Notes:(1) Nj represents the number of “no” votes at each bid amount and Pj represents the 
total number of offered bids. 
(2) The data for the R10 and R18 bid levels were pooled because the probability estimate for 
the higher bid level was greater than that for the lower bid level. 
 
By multiplying each bid amount offered (pj) by the probability that WTP lies between it and 
the next bid (pj+1) and summing the quantities obtained over all bid amounts, an estimate of 
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the lower bound on WTP is obtained (Turnbull, 1974; Haab and McConnell, 2002).  The 
lower bound WTP was estimated at R47.09 with an estimated standard error of R4.65.  The 
95 percent confidence interval for lower bound WTP is 47.09  (1.96 * 4.65), which gives a 
range of R37.98 to R56. 20. 
 
In most situations, CV practitioners would like to estimate the effects of covariates 
(explanatory variables) on WTP.  Because the non-parametric technique only accommodates 
limited exploration of the effects of independent variables, a parametric model (a logit model) 
was estimated.  This model is presented below. 
 
4.2.3.2 Parametric estimates 
As part of the parametric estimation, several covariates, in addition to the bid amount, were 
included in the logit model to account for the possible effects of socio-economic and 
attitudinal factors (Haab and McConnell, 2002).  The operational definitions of the 
explanatory variables are shown in Table 4.4 below. 
 
Table 4.4: Operational definitions of explanatory variables included in the logit model 
Variables Operational definitions 
Awareness 
Is the respondent aware of the existence of the manganese ore dump and oil 
tank farm? Dummy variable, 1 if yes; 0 otherwise. 
Live 
Does the respondent live in close proximity to the harbour? Dummy 
variable, 1 if yes; 0 otherwise. 
Recreate 
Does the respondent recreate in close proximity to the harbour? Dummy 
variable, 1 if yes; 0 otherwise. 
Protection 
How strongly does the respondent agree with environmental protection 
being an important task of governmental policy? A six point scale, 1 if 
completely disagrees, 5 if completely agrees, 6 if does not know. 
Problems 
How strongly does the respondent agree with whether the problems 
associated with the facility are exaggerated? A six point scale, 1 if 
completely disagrees, 5 if completely agrees, 6 if does not know. 
Bid 
The amount an individual is willing to pay for the removal of the 
manganese ore dump and oil tank farm (in rand). 
Gender Dummy variable, 1 if the respondent is male; 0 otherwise 
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Race Dummy variable, 1 if the respondent is white; 0 otherwise 
Age Continuous variable (years) 
Education Continuous variable (number of years of schooling completed) 
Income Continuous variable (gross annual household income in rand). 
 
A two-stage process was followed in estimating the logit model.  First, a logit model that 
contained all the explanatory variables was estimated (the complete model).  Then, a reduced 
logit model was estimated, which included only those covariates whose coefficients were 
significant in the complete model.  The following independent variables were statistically 
significant at the 10 percent level in the complete model: aware, bid, age, income and 
education.  For the sake of parsimony, only the results of the reduced logit model are reported 
here
12
 (see Table 4.5).  
                                                     
12
 A log-likelihood ratio test showed that the reduced logit model is preferred to the complete logit model. This 
test is based on the difference in the log-likelihood functions for the complete and reduced models. The log-
likelihood ratio test is given as:  
 
Likelihood ratio = -2(LR – Lc) 
 
where LR represents the log-likelihood value of the reduced logit model, and Lc represents the log-likelihood 
value of the complete logit model. 
 
The rejection region at the 5 percent level of significance is given as: 
 
Likelihood ratio ≥ X20.05(v) 
 
where v represents the number of parameters tested. 
 
The complete and reduced logit models yielded log-likelihood values equal to -110.85354 and -110.55922, 
respectively. The log-likelihood test ratio statistic was calculated to be 0.58864, and the chi-square (2) critical 
value, corresponding to the upper five percent significance level with four degrees of freedom, was 9.490.  The 
log-likelihood ratio test statistic does not exceed the 2 critical value.  The reduced logit model was thus 
preferred, as the null hypothesis could not be rejected. There is sufficient evidence to infer that none of the 
explanatory variables omitted from the reduced logit model contributes significant information for the prediction 
of WTP.  
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Table 4.5: Coefficient estimates for the multivariate logit model– a reduced model 
Variables Coefficient 
Aware 
0.8810624 
(2.59)
*** 
Bid 
-0.0131391 
(-2.67)
***
 
Age 
-0.0459567 
(-2.58)
***
 
Education 
0.1261068 
(2.20)
**
 
Income 
2.30 
(1.77)
* 
Constant -0.2500157 
 2 40.36 
Log likelihood -110.85354 
Observations 192 
Notes: Z –statistics in parentheses: 
*-Significant at 10%, ** - Significant at 5%’ ***- Significant at 1% 
 
As shown in Table 4.5, the „Bid‟ variable‟s coefficient is negative and statistically significant.  
This indicates that the probability of answering „yes‟ to the referendum question declines as 
the bid level increases.  This result mirrors the findings of the non-parametric estimation with 
sound statistical significance.  As far as the included attitudinal and socio-economic 
characteristics are concerned, all the coefficients are significant and have the correct sign.  
More specifically, the coefficient on „Income‟ is positive and significant at the 10 percent 
level.  This result supports the hypothesis that the probability of an individual answering 
„yes‟ to the referendum question increases with household income.  The „Awareness‟ 
coefficient is positive and statistically significant.  This result is in line with a priori 
expectations, since those individuals who are more aware of the disamenity would in all 
likelihood be more prepared to pay for its removal.  The „Education‟ coefficient is positive 
and significant.  This result indicates that those individuals with a higher level of education 
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would be more willing to pay.  Finally, the „Age‟ variable‟s coefficient is negative and 
statistically significant. This means that older respondents would be less willing to pay. 
 
4.2.3.3 Measuring mean individual WTP 
Based on the estimation results and using Hanemann‟s formula (1984), the mean WTP was 
estimated at R93.21 per household.  The mean WTP estimated here appears to be an 
overestimate since 25 percent of the respondents had indicated that they would not pay 
anything, and of the remainder, half made bids below R50, and 40 percent just offered more 
than R100.  This result may be due to the underlying distribution selected for the unobserved 
random component of preferences, or the functional form chosen for the preference function 
(Haab and McConnell, 2002). 
 
4.2.3.4 Aggregate WTP 
To estimate a total WTP value, the mean WTP value was aggregated across the total number 
of households in the Nelson Mandela Bay area.  Both the non-parametric and parametric 
estimates of the mean WTP were used.  The non-parametric estimate provides the minimum 
value for the mean WTP that is consistent with the sample data (Bateman et al., 2002).  The 
most recent estimate of the number of households in the Nelson Mandela Bay area equals 286 
466 (Labour Force Survey, September 2007).  The results are shown in Table 4.6 below. 
 
Table 4.6: Aggregate WTP estimates: parametric vs. non-parametric model 
 Household WTP 
(Rand) 
Total WTP (Rand) 
Non-parametric 47,09 13 489 683 
Parametric 93,21 26 701 496 
 
The non-parametric estimate of WTP (household and total) is about half of the parametric 
estimate.  This result is not surprising since the Turnbull non-parametric estimate is a lower 
bound one.  Since the mean WTP estimated via the parametric model appears to be an 
overestimate, the more conservative non-parametric estimate is the more appropriate WTP 
measure to use.  The total WTP derived here is, however, only a partial estimation of the 
social cost that can be associated with the operation of the manganese ore dump and oil tank 
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farm.  Ideally, this cost estimate should be added to the private costs of operating these 
facilities, and compared with the benefits, in a comprehensive social cost-benefit analysis. 
 
4.3 RELIABILITY AND VALIDITY: THEORETICAL CONSIDERATIONS 
 
This section assesses whether the questionnaire has provided an unbiased and transparent tool 
in order for the respondents to adequately elaborate on their preferences (EFTEC, 2002).  
This study was the first CV study on the disamenities in question, therefore the issue of 
reliability cannot be tested.  The issue of validity, however, was tested by assessing the 
content of the questionnaire, as well as the theoretical constructs of the questionnaire.  These 
issues of validity are discussed in the sections below. 
 
4.3.1 CONTENT VALIDITY 
 
Content validity was assessed by analysing whether the questionnaire asked the appropriate 
questions in a clear and understandable manner, i.e. free from ambiguity.  This information is 
summarised in Table 4.7 below. 
 
Table 4.7 A summary of content validity issues  
CONTENT VALIDITY 
Scenario design Assessment 
Is the reason for payment (the project) 
described in an understandable manner? 
The reason for payment was explained to 
respondents prior to completion of the 
questionnaire. 
Does the information provided to the 
respondent adequately explain the 
environmental quality issue? 
The respondents were fully aware of the 
environmental quality issues represented in 
the survey. 
Is the payment vehicle considered relevant 
and realistic? 
The payment vehicle was the most realistic 
option proposed in the focus group. 
Does the questionnaire highlight budget 
constraints and substitutes? 
This section was included in the 
questionnaire and interviewers highlighted its 
importance prior to the completion of the 
WTP question. 
 51 
 
Elicitation Issues Assessment 
Is the WTP welfare measure appropriate, 
when compared to WTA? 
Yes. Research has shown that the WTP 
measure is more incentive compatible than 
WTA. Studies have shown that WTA 
measures are biased upwards. NOAA panel 
pushes for conservancy when estimating 
measures of welfare. 
Is the chosen non-market valuation technique 
appropriate? 
The CVM is most appropriate as it deals with 
only one environmental quality issue, and 
thus only requires a single WTP question to 
be asked.  
Institutional context Assessment 
Does the scenario presented to the 
respondents give them an expectation of 
payment in the future? 
Yes. Some respondents expect to pay for the 
removal of the disamenity, while others 
expected the government to pay. 
Do respondents feel like their input has value 
in the decision making process? 
Yes. Respondents were happy to give their 
views on the environmental issues 
investigated and eager to participate in the 
study. 
Sampling Assessment 
Was the target population and sampling 
frame correctly specified? 
The population was taken to be the 
population of household heads in the NMB 
municipality. Quota sampling was used 
through the n
th
 intercept survey technique.  
Survey format Assessment 
Is the survey mode of collection appropriate? Yes. Personal interviews are widely regarded 
as the most appropriate surveying technique 
for stated preference methods (Arrow et al., 
1993). 
Has the administration of the survey been 
supervised and conducted in a professional 
manner? 
Yes. Interviewers were trained and 
supervised during the survey. Quality checks 
were conducted on completed questionnaires. 
Does the questionnaire design provide Yes. Various socio-economic characteristics 
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enough variable data for an in-depth 
explanation of WTP values?  
were included in the estimation of the logit 
model. 
 
4.3.2 CONSTRUCT VALIDITY  
 
Construct validity is divided into convergent validity and expectations-based validity. 
Convergent validity determines whether the welfare estimates are consistent with other 
comparative studies.  Expectations-based validity determines whether the welfare estimates 
are in line with a priori expectations, i.e. do they conform to economic theory. 
 
4.3.2.1 Convergent validity 
Convergent validity can be tested by comparing the WTP estimates from one study with 
those derived from a similar study at the same study site.  Unfortunately, there are no 
comparable valuation studies available that value a similar disamenity as that investigated in 
this study.  
 
4.3.2.2 Expectations-based validity 
The WTP estimates for the removal of the manganese ore dump and oil tank farm have 
expectations-based validity if they are consistent with the study‟s a priori expectations and 
conform to economic theory.  All parameter estimates were significant and had the expected 
signs, as predicted by economic theory.  Most importantly, an increase in the cost variable is 
associated with a decrease in overall welfare.  It can therefore be concluded that the results 
obtained in this study pass the „reality check‟. 
 
4.4 CONCLUSION 
 
The sample respondents were each willing to pay a once-off amount of R93.21 (parametric) 
and R47.09 (non-parametric) towards the project in question.  The study therefore established 
a positive likelihood of contribution, under both the parametric and non-parametric 
methodologies, for the project and thus reveals respondents‟ strong general sentiment towards 
the project.  The most significant determinants of individuals‟ responses to the WTP question 
are household income, education, age, and disamenity awareness. 
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Chapter Five will present the general conclusions and recommendations arising from the 
study.   
 
 
 
 54 
 
CHAPTER FIVE: CONCLUSIONS AND RECOMMENDATIONS 
 
5.1 CONCLUSION 
 
The objective of this pilot study was to estimate the Nelson Mandela Bay public‟s WTP for a 
project entailing the immediate removal of the manganese ore dump and oil tank farm from 
the Port Elizabeth harbour.  The removal of these facilities was assumed to be the only viable 
way to completely mitigate the negative impacts of air and water pollution caused by the 
facilities.  The study employed the CV methodology.  The study closely followed the NOAA 
guidelines for conducting CV applications. 
 
Both a non-parametric and a parametric estimate of mean WTP were derived – on average a 
respondent was willing to pay a once-off amount of between R47,09 (non-parametric 
estimate) and R93,21 (parametric estimate).  Total WTP varies between R13 489 683 and 
R26 701 496.  The logit model‟s results showed that the probability of a „yes‟ answer to the 
referendum question varies with a number of covariates in a realistic and expected way, 
which offers some support for the construct validity of this CV study.  Household income, 
education, age, and disamenity awareness were significant determinants of individuals‟ 
responses to the WTP question.  Reliability of the study could not be checked as only one 
survey was conducted.  Construct validity was deemed acceptable for the study.  
 
The results of this study are subject to two qualifications.  First, a relatively small sample size 
was used in this pilot study and although the estimates appear to be plausible in terms of their 
size, they are indicative rather than precise estimations of the WTP for the removal of the 
disamenity.  Second, the mean WTP estimated via the parametric model appears to be an 
overestimate and as such, the more conservative non-parametric estimate is the more 
appropriate WTP measure to use.  
 
5.2 RECOMMENDATIONS 
 
The following recommendations are made with respect to this study: 
 
- It is recommended, based on respondents‟ stated preferences, that the oil tank farm 
and manganese ore dump be removed from the Port Elizabeth harbour immediately.  
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- It is recommended that the aggregate WTP amount be ring-fenced for servicing part 
of the cost of removing this disamenity.  
 
- It is recommended that future CV studies on this particular issue use larger sample 
sizes.  This will ensure that more precise parameter and welfare estimates are 
obtained.  This will allow policy makers to attach more confidence to the results if 
extrapolated across the relevant population. 
 
- It is also recommended that future CV studies derive both a non-parametric and 
parametric estimate of WTP. 
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APPENDIX A: NON-MARKET VALUATION METHODOLOGIES 
 
                                                 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.A Non- market valuation techniques 
Source: Pearce and Özdemiroglu (2002) 
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APPENDIX B: THE TCM TECHNIQUE 
 
The TCM uses consumption behaviour from related markets to estimate values for 
recreational sites (Shammin, 1999).  The consumption behaviour utilised in the TCM 
includes all the costs of using the recreational site, such as travel costs, on-site expenditure, 
entry fees and capital equipment, as well as the opportunity cost of time sacrificed to travel to 
the site (Hanley and Spash, 1993).  The method is reliant on the assumption of weak 
complementarity that is expected to exist between consumption expenditure and the 
recreational site.  Weak complementarity refers to the notion that the amount an individual is 
willing to pay reflects the level of utility that he or she is expected to derive from the good.  
Another key assumption is that the number of individual visits to a site will fall as the travel 
costs and time costs increase (Hanley and Spash, 1993).  The TCM has been used extensively 
in studies of fishing sites, natural parks, estuaries and forests (Hanley and Spash, 1993; 
Shammin, 1999; EIFAC, 2002).  There are three types of TCMs, namely the zonal method 
(also known as the Clawson-Knetsch method), the individual method and the RUM method.  
The first two types are used to value single sites, while the last is used to value multiple sites.  
Each method is discussed below. 
 
1.B THE ZONAL TCM 
 
The application of the Clawson-Knetsch (zonal) method entails seven distinct steps.  The 
zones of visitor origin surrounding the recreation site are defined.  These zones can be 
identified by constructing concentric rings around the site or alternatively by district (Hanley 
and Spash, 1993).  The data are then gathered pertaining to the number of visitors per zone, 
as well as the number of visits per zone made in the last year (Hanley and Spash, 1993).  The 
visitation rates per 1000 population per zone are estimated (total visits per annum per zone 
divided by the zone‟s population in thousands) (King and Mazzotta, 2000).  The mean round-
trip travel distance per zone to the recreation site is determined.  This travel distance estimate 
is multiplied by the mean cost per kilometre to arrive at a travel cost per trip estimate (Fix 
and Loomis, 1997).  A time cost associated with travel may also be added to the travel cost 
estimate at this stage.  A trip generating function (TGF) is estimated which relates visits per 
person to travel costs.  
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Socio-economic characteristics of the site visitors (for example, age, income and education) 
are normally also included in the TGF (Hanley and Spash, 1993).  The TGF can formally be 
expressed as follows:  
 
Vzj= V(Czj, Popz, Sz)                   (1.B) 
 
 
where: 
z   = zones; 
Vzj = visits from zone z to site j; 
Pop =  pop of zone z; and 
Sz  =  a vector of socio-economic variables. 
 
A demand curve is traced out by simulating what would happen to visits from each zone as 
the admissions fee (the admissions fee is a proxy of actual price) is increased (Hanley and 
Spash, 1993).  These fee/visit combinations represent predictions based on the observed 
correlation between the visits and travel costs.  The typical finding is that as the travel costs 
rise, the number of visits fall (Fix and Loomis, 1997; Bin, Landry, Ellis and Vogelsong, 
2005).  The admissions fee is raised until visits go to zero.  
 
Finally, the area under the demand curve is measured to obtain an estimate of consumers‟ 
surplus (the total economic benefit attached to the recreation site by visitors) (Perman, Ma 
and McGilvary, 1996; Clawson and Knetsch, 1966).  The zonal method is both simple and 
relatively inexpensive to apply (King and Mazzotta, 2003). 
 
2.B THE INDIVIDUAL TCM 
 
The individual TCM requires the collection of visitors‟ travel cost data (distance and time 
costs) and socio-economic data by means of surveys.  Distance costs are calculated as the 
product of the roundtrip (to and from the site) distance travelled in kilometres and the cost per 
kilometre. Total travel cost is the sum of the distance cost and the time cost (Hanley and 
Spash, 1993). 
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A TGF is estimated by regressing the number of times an individual visits a site on travel 
costs, visitors‟ socio-economic characteristics (age, income and education), site quality 
factors (air and water quality of the site, for example), and alternative recreational sites 
(substitutes) (Smith and Kaoru, 1990; Hanley and Spash, 1993).  Once the TGF has been 
established the demand function for visits to the site is estimated and the area below the 
demand curve is used to calculate the average consumer surplus that individuals derive form 
the recreational use of the site (King and Mazzotta, 2003).  
 
The TGF can be estimated via the ordinary least squares (OLS) method but this estimation 
technique could produce  biased estimates (Hellerstein, 1991) due to the non-negative integer 
(count) nature of the trip data (Du Preez and Hosking, 2010).  In order to overcome these 
problems count data models may be employed.  
 
Count data models take into account the „count‟ nature of trip data.  The most commonly 
used count data models are the Poisson and negative binomial ones (Hellerstein, 1991). 
 
The Poisson model is based on the assumption that the number of trips is drawn from a 
Poisson distribution such that: 
 
!
)|Pr(
y
e
y
y


 for y = 0, 1, 2,...                  (2.B) 
where μ > 0 defines the distribution.  The value of μ is allowed to vary across observations.  
If observation i is drawn from a Poisson distribution with mean μi and the model is estimated 
on the basis of observed characteristics (xi), then: 
 
)(
)|(
 ixiii exyE                    (3.B) 
 
where  is a vector of parameters to be estimated (Haab and McConnell, 2002).  
 
A major assumption of the Poisson model is that the variance and the conditional mean of the 
trips demanded (the dependent variable) are equal (Hellerstein, 1991).  In reality, there is 
often over-dispersion (the variance exceeds the conditional mean).  In this case, there will be 
a mis-specification of the Poisson model, which will underestimate the extent of the 
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dispersion leading to a poor model fit.  The negative binomial model takes over-dispersion 
into account by capturing unobserved heterogeneity among observations and gives an 
estimate of the level of over-dispersion.  This is done through the inclusion of an additional 
parameter (α) and error term (εi) such that: 
 
   )()()|( iii xxiii eexyE                 (4.B)
 
where δ = eε. 
 
If δ is drawn from a gamma distribution, then Pr(y|x) can be estimated from a weighted 
combination of Pr(y|x, δ), over a range of δ values.  
 
Once the TGF has been estimated the demand curve for a given site is constructed.  The area 
below the demand curve is then estimated to calculate the consumer surplus that individuals 
derive from the recreational use of the site (King and Mazzotta, 2003). 
 
3.B RANDOM UTILITY METHOD 
 
The RUM allows the researcher to analyse choices among various substitute sites.  The 
decision by an individual to visit a specific site, as opposed to other substitute sites is treated 
by the RUM as a stochastic, utility-maximising choice (Parsons, Massey and Kealy, 1999; 
Haab and McConnell, 2003).  Since the RUM includes substitute sites, the multicollinearity 
problem that is commonly experienced in individual (single site) TCMs is avoided.   The 
utility derived from a visit to site j may be expressed by the indirect utility function, 
 
Vij = V(zij, xi),                   (5.B) 
 
where: 
zij  =  a vector of attributes of site j, which includes travel and time costs to the site; 
and 
xi  =  a vector of individual i‟s characteristics. 
 
Individual i will only visit site j if the utility of a visit to site j is greater than the utility of 
visits to all other substitute sites in the choice set, where k = (1, 2, …, n).  The utility is the 
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summation of two parts, an observable element (Vij), which is observable to both the 
researcher as well as decision-maker, and an unobservable element (eij), which is 
unobservable to the researcher, but is known to the decision-maker, 
 
Uij = V(zij, xi) + eij.                  (6.B) 
 
This model may be specified in terms of a conditional logit (CL) (Haab and McConnell, 
2003).  The CL model assumes that eij is independent and has a type I extreme value 
distribution.  The probability, Pri(j), that individual i chooses site j out of n sites is given 
expressed as: 
 
Pri(j) = exp(Vij)/ 
n
j 1
exp(Vij)                 (7.B) 
 
where: 
exp()  = the antilog function. 
 
One of the assumptions of the CL is independence of irrelevant alternatives (IIA) (Morey, 
Rowe and Watson, 1993; Parsons et al., 1999; Haab and McConnell, 2003).  The IIA 
assumption requires that the relative probabilities of choosing between any two alternatives 
are unaffected by the introduction or removal of other options (Haab and McConnell, 2003).  
If there is a violation of the IIA principle, a nested logit (NL)
13
 model may be more 
appropriate to estimate (Morey et al., 1993).  The NL model applies a series of decisions 
(Louviere et al., 2000; Haab and McConnell, 2003). 
  
4.B ADVANTAGES AND DISADVANTAGES OF THE TCM  
 
Advantages 
The TCM can be implemented to value single or multiple sites.  TCM surveys and data are 
generally easy to administer and collect.  The TCM is comparatively inexpensive to apply.  
The TCM relies on revealed willingness-to-pay as opposed to stated willingness-to-pay 
(EIFAC 2002; King and Mazzotta 2003). 
                                                     
13
 Alternatives to the nested logit include the heteroscedastistic extreme value (HEV) model and the random 
parameters logit (RPL) model.  
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Disadvantages 
Visitors to a site are either single site ones (single purpose) or multiple site ones 
(meanderers). Meanderers‟ travel costs include those incurred to visit various destinations 
and not just the one of interest.  Thus, including their total travel costs in the TCM will 
ultimately overstate the site‟s value estimate (Hanley and Spash, 1993).  Two options are 
available to deal with the issue of meanderers.  First, meanderers could be requested to rate 
how important the site of interest is relative to their general trip enjoyment.  Second, 
meanderers could simply be excluded from the analysis (Hanley and Spash, 1993).  
 
The distance cost is calculated  by either using the price of petrol/diesel or  the full motoring 
cost incurred (petrol, maintenance, insurance and the depreciation of the vehicle) (Hanley and 
Spash, 1993).  No generalised solution has yet been found to the problem of which cost to 
employ (Hanley and Spash, 1993). 
 
It also takes time to travel to a recreational site.  Time is a scarce commodity with a distinct 
opportunity cost (implicit/shadow price) associated with it.  A problem in TCM applications 
is how to calculate the opportunity cost of travel time.  The price of time can be calculated by 
using either the work time (presented by the wage rate) sacrificed for leisure (Mendelsohn 
and Olmstead, 2009) or utilising the assumption that individuals only have a certain number 
of leisure hours at their disposal, thus, the opportunity cost of travel time should be valued at 
the margin of all other recreational activities that have been sacrificed for the current activity.  
No consensus on the matter of the value of time in recreation has been reached (Olmstead and 
Mendelsohn, 2009; Hanley and Spash, 1993).  It is recommended that any TCM application 
should acknowledge what method has been used to value time. 
 
Two major statistical concerns of the TCM revolve around the selection of the appropriate 
dependent variable and functional form (for the TGF).  The dependent variable can be 
censored at one and/or truncated (only visitors to the site are recorded) (Du Preez and 
Hosking, 2010; Hanley and Spash, 1993).  The best way of dealing with a censored 
dependent variable is to use count models (Hellerstein, 1991).  The solution for truncated 
dependent variables is found by using the Maximum Likelihood (ML) estimator as apposed 
to the OLS method (Hanley and Spash, 1993).  Various functional forms are available to the 
researcher, namely the linear, quadratic, semi-log and log-log.  The choice of functional form 
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can lead to large differences in consumer surplus (Hanley and Spash, 1993).  As far as the 
choice of functional form is concerned, it is recommended that any TCM application should 
state the functional form used and acknowledge the effect that it could have on the estimate 
of consumer surplus (Hanley and Spash, 1993).  
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APPENDIX C: THE HPM TECHNIQUE 
 
The HPM estimates the economic values for environmental goods or services which directly 
affect the market price of a traded good – in most cases the traded good is a house (EIFAC, 
2002).  The HPM is based on Lancaster‟s (1966) characteristics theory of value which states 
that the value of a good equates to the sum of the contained prices of each of its 
characteristics (Hanley and Spash, 1993; Mendelsohn and Olmstead, 2009).  The theory was 
further developed by Rosen in 1974.  He developed an empirical methodology for estimating 
the demand and supply parameters in the absence of an explicit solution for the hedonic price 
function (Hanley and Spash, 1993; Bartlik, 1987).  The HPM has primarily been applied to 
environmental valuation studies involving air quality, airport noise, proximity to wetlands 
and proximity to disamenities (Mendelsohn and Olmstead, 2009; Hanley and Spash, 1993).  
 
The model makes the following assumptions: first, homeowners are assumed to have 
adequate information concerning all the available properties‟ characteristics.  Second, 
homeowners are mobile enough that current property prices reflect their preferences 
(Mendelsohn and Olmstead, 2009).  Third, an individual‟s utility function for housing is 
assumed to be weakly separable and therefore the demand curve for environmental quality 
can be estimated by considering house prices only while ignoring the prices of all other goods 
and services (Hanley and Spash, 1993).  Finally, it is assumed that if individuals are not 
willing to buy houses  then  their WTP for environmental quality is zero (this reflects 
reflecting weak complementarity) (Hanley and Spash, 1993).  
 
The HPM entails two distinct steps.  The first step entails estimating the hedonic pricing 
function.  Before this can occur an environmental quality variable has to be identified on 
which the study will be based (Hanley and Spash, 1993).  Along with the quality variable any 
other characteristics that could influence a house‟s value are identified.  These usually 
include the structural characteristics of the house (for example, the size of the property and 
the number of bathrooms), the neighbourhood characteristics (for example, the proximity to 
schools and the proximity to the central business district), and other environmental amenities 
(for example, the proximity to parks and air quality) (Mendelsohn and Olmstead, 2009).  The 
HP function (implicit price function) for a given characteristic can be estimated via OLS and 
can formally be expressed as:  
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Ph = P(Si, Nj, Qk)                    (C.1) 
 
where: 
Ph = house prices; 
Si =  site characteristics; 
Nj =  neighbourhood characteristics; and 
Qk =  environmental quality variable (Hanley and Spash, 1993).  
 
In order to obtain the marginal implicit price of a particular environmental characteristic from 
the above equation, it is partially differentiated with respect to the environmental 
characteristic of interest (Hanley and Spash, 1993; Mendelsohn and Olmstead, 2009).  More 
formally, assuming a level of air quality Ql, the implicit marginal price estimation can be 
expressed as: 
  
)                   (C.2) 
  
where: 
  =  implicit price  
 
The implicit price determines the current marginal value that the homeowners attach to the 
environmental amenity (Mendelsohn and Olmstead, 2009).  If equation (C.1) is linear then 
the implicit prices for each characteristic are constant.  Rosen (1974) observed that linearity 
will only occur if consumers can buy the characteristics of one good and then combine them 
with different characteristics of another good.  The probability of this is slim, therefore 
equation (C.1) is most likely non-linear (Hanley and Spash, 1993).  
 
Using the implicit prices and all other information obtained from the hedonic pricing function 
a demand curve is constructed (step two).  An inverse demand curve for Q1 can formally be 
presented by equation (C.2) above if the pollution is experienced by identical homeowners.  
The supply function for houses will then have to be considered, since the supply of houses is 
dependent on the WTP by potential home-buyers for each characteristic.  Under these 
circumstances both the supply and the demand curve for the house market must be estimated 
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simultaneously (Hanley and Spash, 1993).  This can be done by means of two stage least 
squares.  Rosen (1974) proposed that the inverse demand and marginal supply price functions 
could be estimated as follows: 
 
“… compute a set of implicit marginal prices… for each buyer and seller evaluated at 
the amounts of characteristics… actually bought or sold, as the case may be.  Finally, 
use estimated marginal prices…. as endogenous variables in the second-stage 
simultaneous estimation of [the inverse demand and supply price functions].  
Estimation of marginal prices plays the same role here as do direct observations on 
prices in the standard theory and converts the second-stage estimation into a garden 
variety identification problem” (Rosen, 1974) 
 
Complications arise when estimating the inverse demand function from the hedonic price 
function as per Rosen (1974).  The first problem is known as the identification problem.  This 
problem is caused by the use of no additional data except that already contained in the price 
function, when estimating the inverse demand curve (Freeman, 2003).  The coefficients 
estimated in stage two are thus merely replications of the coefficients that were estimated 
from the hedonic price function.  A solution is to impose sufficient structure on the problem 
by assumption (i.e. included homotheticity) and thus ensure that the conditions for 
identification of the inverse demand function are all met.  This was illustrated by Quigely 
(1982).  An alternative remedy to the identification problem is to find cases where 
respondents with the same characteristics face different marginal implicit prices.  This 
approach can only be applied to segmented markets, where respondents must choose markets 
with differing price functions (Freeman, 2003).  A second concern with estimating the 
inverse demand function is the fact that both the quantity of a characteristic as well as its 
marginal implicit price are endogenous in the hedonic pricing model.  The individual will 
thus choose a point on the hedonic price schedule as well as its associated quantity.  This 
point will therefore determine both the marginal WTP as well as the quantity of the 
characteristic simultaneously.  This problem can be solved by using truly exogenous 
variables as instruments (Freeman, 2003).  Due to the complex nature of the second step, 
many studies simply omit this step and only calculate the hedonic price function (Haab and 
McConnell, 2002). 
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1.C ADVANTAGES AND DISADVANTAGES OF HPM 
 
Advantages 
The method can be utilised to estimate values that are derived from authentic (revealed) 
choices.   
 
The method is also versatile, as it can be adapted to consider various interactions thought to 
exist between environmental quality and market goods.  If data (on property characteristics 
and prices) are easily accessed, then the method can be relatively inexpensive to apply (King 
and Mazzota, 2003).  
 
Disadvantages 
The HPM is incapable of capturing non-user values (Hanley and Spash, 1993).  A major 
concern of the HPM is that the omission of significant variables could result in biased 
estimates for the implicit prices as well as of the coefficients for environmental change.  
Therefore, variables that highly influence house prices should all be included in the valuation 
equation (Hanley and Spash, 1993). 
 
A further concern is that if the independent variables included in the hedonic pricing function 
are closely correlated then multicollinearity
14
 will result, which in turn will result in: biased 
coefficient estimates; and an increase in the estimates‟ variances and standard errors 
(Studenmund, 2006; Hanley and Spash, 1993).  It is also generally assumed that when 
choosing the functional form
15
 of the hedonic price equation it will likely be non-linear 
(Hanley and Spash, 1993).  However, the preferred non-linear form is not known (Hanley and 
Spash, 1993).  The HPM method thus requires a large amount of statistical proficiency (King 
and Mazzotta, 2003). 
 
                                                     
14
 Multicollinearity can be minimised by implementing the following remedies:  eliminating a redundant 
variable, increasing the size of the sample, transforming the variable in the equation by creating a new variable 
which is a function of the multicollinear variables or transform the equation into first differences (Studenmund, 
2006).  First differences refer to a change in a specific variable from a previous time period to the current 
(Studenmund, 2006). 
 
15
 When selecting a functional form the following points should be taken into consideration: The parameter of 
the functional must have clear economic interpretations.  A functional form that explains the observed data 
adequately should be considered (Hanley and Spash, 1993). 
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An additional concern of the method is the presence of segmentation.  If segmentation exists 
in the real property market and it is not taken into account then it could result in an 
overestimation or underestimation of certain coefficients present in the hedonic price function 
(Hanley and Spash, 1993).  Segmentation refers to the division of the housing market on 
bases of price brackets, ethnic composition and whether the property is occupied by its owner 
or a lessee (Hanley and Spash, 1993).  The segmentation has to be recognised by means of 
estimating a separate hedonic pricing equation for each identified segment.   
 
As previously stated, the HPM relies on several restrictive assumptions.  However, it is 
unlikely that all of these assumptions can be maintained under real world conditions (Hanley 
and Spash, 1993).  Violations of these assumptions could lead to biased welfare estimations 
(Hanley and Spash, 1993; Mendelsohn and Olmstead 2009).  Ideally, an HPM application 
should state all assumptions made and acknowledge that these assumptions could possibly 
not have been maintained in the study. 
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APPENDIX D: THE CM TECHNIQUE 
 
The choice modelling (CM) method, also known as conjoint analysis, was initially developed 
for and applied to marketing and transportation studies (Green and Srinivasan, 1978; Green, 
1984; Louviere 1988).  This approach has also been used and further developed for the 
valuation of environmental goods and services (Adamowicz, 1995; Hanley, Mourato, Wright, 
2001; Hensher, Rose and Greene, 2005).  CM requires individual respondents to rank or 
choose the most preferred option for a particular good by considering various differing 
descriptions of the same good.  These descriptions differ in terms of their characteristics 
(attributes) and their levels.  Four different types of CM studies can be conducted.  First, 
individuals may be presented with a series of alternatives and asked to state their most 
preferred option choice experiment (CE), second, individuals may be asked to rank the 
alternatives in order of preference (contingent ranking), third, individuals may be asked to 
choose the preferred alternative out of a set of two choices (paired comparisons), and lastly, 
individuals may be asked to rate the alternative on a cardinal scale (contingent rating) 
(Garrod and Willis, 1998; Foster and Mourato, 1999; Foster and Mourato, 2000; Haab and 
McConnell, 2002).  Each of these differs with regard to (Hanley et al., 2001): 
 
- The complexity of the approach; 
- The standard of information generated by the approach; and 
- The ability of the approach to produce WTP estimates that are consistent with general 
welfare change methods. 
 
The CE is the proper choice if the relative values of characteristics of a public good are to be 
analysed and valued.  By including price as an attribute, the marginal WTP can be estimated.  
The primary strength of the CE method is its reliance on the separation of public goods into 
their constituent parts and the use of choice sets, which reduces the problems of 
multicollinearity, reduces protest bids and allows the measurement of characteristics‟ implicit 
prices.  The choice experiment approach has proven to be the most welfare consistent 
approach (Hanley et al., 2001).  The CM approach focused on in this analysis is the CE as it 
is the most applied of the CM approaches (Hanley et al., 2001).   
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1.D THEORETICAL OVERVIEW OF CE 
 
The indirect utility function for each respondent can be separated into two parts: a non-
random element (V) typically presented as a linear index of the attributes (X) of the various 
alternatives (j) presented in the choice set, and a random (stochastic element e).  The random 
element includes all unobservable influences that an individual faces when making a choice 
(Hanley et al., 2001).  This indirect utility function is given as:  
 
                   (D.1) 
 
where: 
  
Uij  =  the utility derived for consumer i from alternative j; 
Vij  =  the observable component of utility derived for consumer i from alternative j; 
and 
eij  =  equals the unobservable random component of utility derived for consumer i,  
____________from alternative j. 
 
The method then assumes that an individual will select option a above option b (this is only 
known to them) if the utility (satisfaction) derived from option a is greater than the utility 
derived from option b.  Expressed as: Uia>Uib, Vij thus is assumed to be a linear utility 
function resulting in Via= X‟iaβ. The probability of an individual thus choosing option a 
above option b can be expressed as: 
 
                (D.2) 
 
Equation (D.2) above characteristically makes use of the assumption that the distribution of 
the error term will imply that the probability of any particular alternative a being the 
preferred option can be expressed as a logistical distribution (McFadden, 1973; Hanley and 
Spash, 1993) formally expressed as the conditional logit model (Hanley et al., 2001): 
 
               (D.3) 
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where:  
µ  =   the scale parameter which is inversely proportional to the standard deviation 
____________of the error distribution.  
 
Once parameter estimates have been estimated, the implicit price can be derived for each 
attribute.  Formally, this can be expressed as (Hanley et al., 2001):  
 
Implicit price =                  (D.4) 
 
where: 
βc = represents the coefficients of any of the given attributes; and 
by  =  the marginal utility of income presenting the cost attribute. 
 
2.D APPLICATION OF THE CE METHOD 
 
The first step requires that the relevant attributes of the good to be valued are identified via 
focus groups, expert consultation and literature reviews.  Monetary costs are instinctively 
added as an attribute in order to estimate the WTP (Hanley et al., 2001). 
 
The attribute levels are then combined via statistical design theory in order to obtain a 
number of alternative profiles or scenarios that have to be presented to respondents (step two) 
(Hanley et al., 2001). 
 
The identified profiles constructed via experimental design are then placed into various 
choice sets (step three).  The choice sets are then presented to respondents either on a group, 
individual or pair basis (Hanley et al., 2001). 
 
The final step involves the application of estimation procedures (OLS or ML) (Hanley et al., 
2001).   
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3.D ADVANTAGES AND DISADVANTAGES OF THE CE METHOD 
 
Advantages 
Firstly, the ability of the CE approach to estimate the value of each attribute that makes up a 
good during a single application makes it highly suitable for dealing with multidimensional 
changes and attribute trade-offs (Hanley and Spash, 1993).  Secondly, the CE approach also 
allows respondents multiple chances to express their preference for a valued good over a 
range of payment amounts (Hanley and Spash, 1993).  Thirdly, the CE approach indirectly 
obtains an individual‟s WTP which minimises protest and strategic behaviour (Hanley et al., 
2001). 
 
Disadvantages 
Firstly, the CE approach requires respondents to make multiple choices.  This choice task 
may become too complex for some respondents and as a result may increase the cognitive 
burden placed on them (Hanley and Spash, 1993).  This in turn may result in their choosing 
options that are not necessarily utility maximizing (Hanley et al., 2001).  Secondly, the media 
chosen (photographs or test description) to relay the choices to respondents could influence 
their decision-making and as a result influence the implicit prices and welfare measures 
estimated (Hanley et al., 2001).  Thirdly the CE methodology is fairly new in the context of 
economic valuation and as such, there is still a lack of consensus on certain issues.  These 
issues include the exact process to follow in order to generate an experimental design, as well 
as the determination of an appropriate sample size (Hanley et al., 2001).   
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APPENDIX E: THE CVM QUESTIONNAIRE 
 
CONTINGENT VALUATION QUESTIONNAIRE: OIL TANK FARM AND 
MANGANESE ORE DUMP REMOVAL FROM THE PORT ELIZABETH 
HARBOUR 
Conducted by members of the Department of Economics, Nelson Mandela Metropolitan 
University 
Questionnaire #  
 
BACKGROUND INFORMATION: (To be read to the respondent.) 
 
An oil tank farm and manganese ore dump are situated on the southern border of the Port 
Elizabeth (PE) harbour.  It is argued that the oil tank farm and ore dump both pose a serious 
risk to the community, especially those who live and recreate in close proximity to them.  
More specifically, the following factors are of concern: 
 
 Air pollution in the form of manganese dust; 
 The risk of an explosion due to fuel leaks from the oil tanks; 
 The burial of sludge on-site (when the oil tanks are cleaned); 
 Oil leaks into the harbour; and 
 The oil tank farm and manganese ore dumps are eyesores (they diminish substantially 
the aesthetic beauty of the harbour and surrounds) and hamper the development of the 
harbour. 
 
Transnet, which owns the PE harbour, says the oil tank farm and manganese ore dumps will 
only be moved, at the earliest, around 2015/16 (once the current tenants‟ leases expire).  
 
The purpose of this questionnaire is to determine your preferences for a project that would 
ensure that the oil tank farm and manganese ore dump are removed immediately (within the 
next 3 to 6 months) from the PE harbour.  To fund this removal project a trust fund is 
proposed.  This trust fund will be administered by the Nelson Mandela Bay Municipality 
(NMBM).  We will ask you to answer the questions contained in this questionnaire in 
accordance with your personal viewpoint. In this way, no answer is more correct than another 
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- we are interested in your opinion.  Your answers will be treated confidentially and will be 
used exclusively for research purposes.  The questionnaire will be administered to 
approximately 300 people, and it is important for the results of the study that as many people 
as possible respond.  
 
Thank you in advance for your help and we hope you find the experience enjoyable. 
 
SECTION ONE: ATTITUDES AND PRIOR KNOWLEDGE: 
 
1. Were you aware of the existence of the oil tank farm and manganese ore dump in the PE 
harbour before this interview?    Y / N (Circle one please.) 
 
2. Do you live in the Humewood/Humerail area?  Y / N (Circle one please.) 
 
3. Do you recreate in the Humewood/Humerail area? Y / N (Circle one please.) 
 
4. Protection of the environment is one of the most important tasks in governmental 
policy....... 
 
_ 1  _ 2  _ 3  _ 4  _ 5  _ 6 (Tick one please.) 
 
5. Problems associated with the oil tank farm and manganese ore dump are exaggerated........ 
 
_ 1  _ 2  _ 3  _ 4  _ 5  _ 6 (Tick one please.) 
 
Key: 
Completely disagree = 1 
Disagree  = 2 
Indifferent  = 3 
Agree    = 4 
Completely agree = 5 
Do not know  = 6 
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SECTION TWO: THE WILLINGNESS-TO-PAY REFERENDUM 
 
It is assumed that the costs of immediate removal of the oil tank farm and manganese ore 
dump are covered by the Port Elizabeth/Uitenhage/Despatch residents.  We ask you to 
imagine that all residents will contribute equally by means of a once-off payment per 
household.  The payment will be in the form of a trust fund payment made to the Nelson 
Mandela Bay Municipality (NMBM).  This is the only payment that would be needed – the 
Municipality will not be allowed to use the trust fund money for any other purpose.  The 
removal project will only go ahead if the majority of residents are willing to pay this once-off 
sum (i.e. vote in favour of this project). 
 
Your household may decide to pay for this project (i.e. vote for it) or not pay for it (i.e. vote 
against it).  Reasons to pay for it would be that the risk of explosions would be reduced, 
sources of pollution would be removed and the development of the harbour (for example a 
waterfront) could go ahead.  A reason not to pay is that Transnet intends to remove the oil 
tank farm and manganese ore dump some time in the future (we do not know when though).  
Your household may also prefer to spend the money on other pressing environmental or 
social issues.  
 
Please note that the amount stated in the question below (question 6) represents a sum over 
and above the sum which you pay for Municipal service delivery at the moment.  Remember 
that your income is limited and has several alternative uses and that this project is but one of 
many such projects in South Africa and the world.  Before you vote, therefore, we would ask 
you to be totally sure that you are willing and able to pay the stated sum associated with this 
project. 
 
6. If a local government election were being held today and the total cost to your household is 
a once-off trust fund payment of         , would you vote for the oil tank farm and manganese 
ore dump removal project or vote against it?  
 
-- I would vote for it   -- I would vote against it (Go to next question (7)) 
No answer 
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7. Why did you decide to vote against it? 
1. It is not worth it  
2. I do not know  
3. Government should pay  
4.Other (please specify)  
 
SECTION THREE: SOCIO – ECONOMIC INFORMATION 
 
8. Respondent Gender: (Tick one please.) 
Male  Female  
 
9. Respondent Race: (Tick one please.) 
African White Coloured Indian/Asian 
    
 
10. Respondent Age: _______________________________________________________ 
 
11. What is the highest level of education that you have attained? (Tick one please.) 
Std 8/Grade 
10 
Matric/Grade 
12 
Diploma 
(one 
year) 
Degree 
 
Honours 
Degree 
Master‟s 
Degree 
Doctoral 
Degree 
       
 
No schooling: 
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12. What is your annual household income before taxes?  Please note: This income 
includes income received from Government in the form of social grants.  
 
R0  
R1 – 20 000  
R20 001 – 50 000  
R50 001 – 75 000  
R75 001 – 100 000  
R100 001 – 150 000  
R150 001 – 200 000  
R200 001 – 300 000  
R300 001 – 400 000  
R400 001 – 500 000  
R500 001 – 750 000  
R750 001 – 1 000 000  
R1 000 001+  
 
13. What is your current occupation?  
_______________________________________________ 
 
PLEASE NOTE: WE REALISE THESE QUESTIONS ARE OF A PERSONAL 
NATURE BUT THE QUESTIONNAIRE IS ANONYMOUS AND AS SUCH 
ABSOLUTE CONFIDENTIALITY IS ASSURED 
 
THANK YOU FOR YOUR COOPERATION! 
